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FOR A QUARTER OF A CENTURY Potter and Brumfield has 
designed and manufactured relays. 


Many thousands of relays engineered to meet the most exacting 
quality standards. 


But, still thousands of other designs built to meet the most competitive 
prices. 


5 ; Samples and quotations gladly furnished. 


For quick delivery over 350 different standard relays stocked by Fran- 
chised Distributors throughout the United States and Canada. 


e Relay illustrated 
CDK f C1), (RS_ series) 
low cost 
e sensitive type relay. 
PRINCETON, INDIANA | me. 
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Last April, Armour Research Foundation of Illinois In- 
stitute of Technology sponsored a National Industrial Re- 
search Conference; the theme: “Research for Profit’. With 
their consent we have modified this theme to “Research and 
Development for Profit’ and are devoting the feature 
section of this issue to just that subject although, strictly 
speaking, the main editorial objective of each issue of 
RESEARCH & ENGINEERING could be said to be just that. The 
difference between this issue and all others is that we are 
taking the trouble to be explicit. 

For this reason we should in all fairness answer two 
questions: What do we mean by “profit” ? What do we mean 
by “research and development’? Because profit at times 
can be a highly abstract, culturally indeterminate quantity 
—each of us is entitled to his own idea of what is and is 
not profitable—we shall leave its definition up to you, with 
the full knowledge that you may have doubts about a defini- 
tion adequate for presentation to stockholders. For our 
purposes we shall concentrate on the definition of research 
and development. 

As a human function and a corporate activity, research 
and development has undergone a significant and not a 
completely agreed upon change in meaning during the past 
15 years. Attempts to come up with workable, usable defini- 
tions have spawned a variety of prefixes: pure, funda- 
mental, basic, applied, end-use, frontier, committed, uni- 
versity, government and industrial. But of all the different 
approaches the one that appears to be most usable is that 
developed by the Harvard Graduate School of Business 
Administration in cooperation with the Department of 
Defense, the National Association of Manufacturers and the 
Industrial Research Institute. This definition was used as 
the basis for evaluating research and development, research 
and development costs and research and development per- 
sonnel in a survey conducted for the National Science 
Foundation by the U.S. Department of Labor, Bureau of 
Labor Statistics (R/E April, ’56, pp 18-22). 

We prefer to modify their introductory statement 
(leaving out reference to the biological sciences and medi- 
cine) so that for our purposes: 

Research-Development includes activities carried on by persons 
trained, either formally or by experience, in the physical and 
engineering sciences if the purpose of such activity is to do 
one or more of the following things: 

(1) Pursue a planned search for new knowledge, whether or not 
the search has reference to a specific application. 

(2) Apply existing knowledge to problems involved in the crea- 
tion of a new product or process, including work required to 
evaluate possible uses. 

(3) Apply existing knowledge to problems involved in the im- 
provement of a present product or process. 

Note that the definers evidently preferred to tie “re- 
search” more closely to “development” by using a dash 
between the words instead of an ampersand and that no 
effort was made to prefix or otherwise elaborate on the word 
“research’’. It is also signficant that the definers were not 
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satisfied with this connotative definition but felt that - 
actual activities or operations needed more clarificati 
And so they continued with: 

The following kinds of activity are included: 

(1) Laboratory scale activity. 

(2) The design and operation of pilot plants or semiworks ple 
so long as the principal purposes are to obtain experience | 
to compile engineering and other data to be used as follo 

(a) in evaluating hypotheses, 

(b) in writing product formulas or in establishing finis 
product specifications, 

(c) in designing special equipment and structures requi 
by a process, and 

(d) in preparing operating instructions or manuals. 

(3) The engineering activity required to advance the desig 
a product or a process to the point where it meets sper 
functional and economic requirements and can be turned ¢ 
to manufacturing units. The design, construction, and tes’ 
of pre-production prototypes and models and “engineer 
follow-through” in the early production phase is included. 
development of designs for special manufacturing equip 
and tools is included but tool-making and tool tryout are 
included. 

(4) The preparation of reports, drawings, formulas, speci’ 
tions, standard practice instructions or operating manw 
and other media for transmitting to operating units infor 
tion obtained from the above activities. However, the pro: 
tion of detailed construction drawings or manufacturing i 
prints is not included. 

The question, “When does development end and produc 
begin?” is often asked. If the primary objective is to m 
further improvements on the product or process, then the vy 
comes within the definition of research-development. If, om 
other hand, the product or process is substantially “set,” 
the primary objective is to develop markets or to do prepro 
tion planning, or to get the production process going smoo) 
then the work is no longer research-development. 

The definers continued by listing other types of activ” 
not considered research-development. No doubt many 
you may disagree with not only some of the included ac: 
ties above but with some of the excluded activities not | 
sented here. Nevertheless, of those brought to our atten” 
this approach is the best to date. Undoubtedly, the : 
year or next decade will bring more changes and r 
agreement. 


In the meantime, this month’s feature section gives: 
a roundup of who said what at Armour’s “Research 
Profit” meeting; technical and economic data on what 
be a new and important industry within a very few ye 
and a simple but useful method on how one company 
punched cards to keep track of how much time and m 
have been expended on R & D projects. We hope you 
find these and our other pages profitable reading. 
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Machine finish failur 
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“If you people would do a better paint job to start 


A letter or phone call to Mr. 
Bradford Alcorn, V. P. at 
TOUSEY Varnish Co., 520 
West 25th Street, Chicago 
16, will bring you prompt 
action—and may. be the first 


step in the modernization 


program of your finishes. 


TOUSEY VARNISH COMPANY 


with, you could save yourself some 
of these service trips.” 


An ineffective paint job can cause mechanical failure in a machine — 
Rust and Corrosion find easy access to vital parts when the pro- 
tective finish is not properly applied. Such breakdowns are expen- 
sive to both the man in the field who uses your equipment and to. 


you, the manufacturer of the machine. 


We at TOUSEY specialize in weather-resistant finishes and our 70 
years of experience is available to you for a review of your finish 


and the method of application. 


This survey may result in a better competitive sales position and 


improved customer relations for you and your equipment. 


DURACOTE for DURABILITY 
520 West 25th Street * Chicago 16, Illinois * Victory 2-2200 
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SWIMMING POOL REACTOR, one ofthreeG-E tities of neutrons. Its flexibility, safety fea- 
research reactors available under the 7-point tures, and high flux potential appeal to 


program, is designed to produce large quan- universities and research organizations. 


NEW GENERAL ELECTRIC 7-POINT PROGRAM: 
Toba es ies 


——— 


REACTOR SPECIFICATIONS are pre- 

pared to meet your research require- 
ments. These include details on core, 
control, and reactor components. 


BOG ee & ff ! 


BUILDING STUDY also includes com- 


HAZARDS SUMMARY 


plete co-ordination of all plans for We help you prepare study for 
the many facilities required in the re- submission to AEC Division of — I 
actor and laboratory buildings. Civilian Application. Rae! 
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REPORT: 


How General Electric can help you 
enter advanced nuclear research fields 


New G-E 7-point program simplifies procedure 


for obtaining a nuclear research reactor 


There is more work involved in obtaining a nu- 
clear reactor for advanced research than simply 
ordering one. Specific research requirements must 
be determined beforehand, an appropriate design 
selected, and necessary AEC construction per- 
mits and licenses obtained. Other essential steps 
are covered in the program outlined below. 


NEW GENERAL ELECTRIC 7-POINT PROGRAM 
is a plan designed to materially aid you in put- 
ting a research reactor to work. Through this 
program you can obtain any one of three Gen- 


eral Electric research reactors: The Swimming 
Pool Reactor, Heavy Water Research Reactor, 
or the Nuclear Test Reactor. 


FOR MORE INFORMATION on these three re- 
search reactors and the new General Electric 
7-point program, write for bulletin GEA-6326, 
Section 191-1B, 
Schenectady 5,N. Y.; or contact your nearest G-E 
Apparatus Sales Office. Outside the U.S. and 
Canada, write to: International General Electric 
Co., 570 Lexington Ave., New York, N. Y. 


General Electric Company, 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


P= = ae 


§- START-UP AND SERVICE under 

supervision of experienced person- 
nel is added assurance that proper oper- 
ation of your system will be maintained. 


REACTOR INSTALLATION is super- 
vised at the site by the men who 
have followed the design and manufac- 
ture of the complete system. 
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{| MANUFACTURE OF REACTOR is 
_ ¥ accurately co-ordinated with other 
_ construction plans, thereby assuring 
ce ntralized project scheduling. 

oo a ewes 


Rating Your R&D Supervisors 


One of the most onerous chores for many R&D managers 
is the semi-annual (or annual) review and appraisal of 
supervisory job performance. How to go about it and ex- 
actly what to say in constructively criticizing such people 
sometimes becomes acutely distasteful to those with re- 
sponsibility for this task. Nevertheless, it is a job that must 
be done in any progressive research and development unit. 

George W. Howard, who heads the Technical Service De- 
partment of the Engineer Research and Development Lab- 
oratories at Fort Belvoir, Virginia, describes one way to 
minimize the difficulty of reaching a common ground for 
discussion with subordinate managers. The ERD labs have 
adopted and put into use a “Group Appraisal’ or “Appraisal 
Committee” system for discussing with the young R&D 
administrator his job performance. 

The appraisal system is one part of an Executive De- 
velopment Program at the ERD labs which has included 
such other features as a concentrated lecture course in 
management improvement; a lecture series by experts in 
particular management fields; case studies; and a training 
course in Creative Thinking. 


Elements of the Appraisal 


The appraisal consists of a performance evaluation of the 
individual by his supervisor and two other individuals of 
the same relative standing as the supervisor. Approval of 
improvement plans for the individual (which come out of 
the appraisal meeting) are dependent upon (1) the com- 
mittee that appraises the immediate superior of the ap- 
praisee and (2) discussion of the appraisee’s evaluation with 
the immediate superior. This results in the development 
program for an individual being known not only to the 
people that appraised him, but also to those that appraise 
his supervisor. 

Efforts are made to get as many managers as possible 
into the appraisal program. Organization at the ERD labs 
is by Departments, Branches and Sections, and so the De- 
partment Chiefs, Branch Chiefs and Section Chiefs (a total 
of 176) are included in the program. Appraisals start at 
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Developments 


the lower echelon, and a three-man committee meets wi 
the individual being appraised to review with him the pe 
ple in his unit that have been previously appraised. In t] 
case of Section Chiefs, there are no reviews of previous 
appraised people. However, extension of the appraisal dow 
ward to individual project engineers and scientists is beit 
considered. 


Appraisal Considerations 


The appraisal group consists of three—the immedia 
supervisor as chairman, and two individuals chosen by tl 
person being appraised. In evaluating performance the fc 
lowing is considered: 

e Results of the appraisals (if any) conducted by the a 
praisee 

@ What the appraisee proposes to do for his people va 
regard to their future development 

e What has been accomplished on the approved pros 
since the appraisal. 

After presenting a review of the appraisals of his ov 
subordinates, the person being appraised leaves the meetin 
the three panel members then consider his job performan 
and operations, If there are no appraisal reviews to be pr 
sented, it is unnecessary for the appraisee to appear befo 
his committee. 

In the appraisal, consideration is given to job perfor? 
ance, personal qualifications, and the individual’s potent: 
within the organization. Suggestions are made for futu 
development and thought is given to the current stat 
of the individual within the organization. 


The Appraisal Check Sheet 


In considering the performance of the individual, t 
panel uses a check sheet. However, their evaluation of t 
appraisee is not limited by this sheet. They are chief 
interested in what kind of results he obtains and how — 
goes about getting these results. In appraising his facili 
for getting results, consideration is given to such items 
the quantity and the quality of the individual’s persor 
output, his ability to -write clearly and factually, his i 
fluence on others, the morale in his group, his effectivene 
in meeting schedules and his regard for operating expensé 
In examining the methods through which he accomplish 
his work, interest is centered on his ability to plan, orga 
handle people, supervise and select good personnel. Ca 
ful consideration is also given to his ability to orient a 
instruct new employees, to develop people, and to lead c e 
ferences. ; 

After considering the man’s performance, his persor 


discussed in this phase of the appraisal are his knowled 
of the job, experience, character and deportment. Also 1 
viewed are his werent health, | SPE judgm 


What 
shape 


- isa 
quality 
fastener? 


Here is a handful of ELASTIC STOP® nuts. Each has ESNA’s 
familiar red locking collar . . . is self-locking and vibration-proof. 
Each is.a readily assembled, one-piece unit. Each provides positive 
protection against thread corrosion . . . prevents liquid seepage 
along bolts. Each is made from the finest of raw materials. Each 
is exactly controlled as to finished dimensions, class of thread fit 
and finish. Each is now in use on critical applications, with a record 
for uniform high quality that is unmatched. 


Most of them are standard parts. Some originated as the result of 
a specific request for ESNA’s help with an important fastening 
problem. 


Isn’t it logical to call on us with your next fastening problem? 


ELASTIC STOP NUT CORPORATION OF AMERICA 


eS ee ST Se ee, ee ee a 


r 
| Elastic Stop Nut Corporation of America N62-681 
| Dept. N62-681, 2330 Vauxhall Road, Union, N.J, 
{ Please send the following free fastening information: 
(1 ELASTIC STOP nut bulletin DD Here is a drawing of our product. 
I What self-locking fastener would 
é I you suggest? 
0 H | I Name. Title. 
I Firm. 
TRADEMARK 1 
l Street. 
i 


1 Sy a ee Se enreres BONE, SBC enincee 
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ing these qualifications carefully, two points are stressed by 
the committee: (1) the strongest single characteristic of 
the individual and (2) his greatest single weakness. It is 
mandatory that a weakness be noted. 

Gauging Potential 


Following this review the individual’s potential is next 
considered. Does he have potential beyond his encumbent 
position? What position can he fill? Does he need further 
training to fill a more important position? Answers to 
these questions should provide a specific guide to the in- 
dividual as to where he is going in the organization. If this 
cannot be given, it should be possible to state definitely 
what the appraisee must do to qualify himself for further 
consideration for promotion. One of the most important 
points in favor of this course of action is that it does not 
represent one man’s opinion, but rather that of a team which 
the appraisee himself has selected. Also, every point must 
have unanimous approval of the entire appraisal group or it 
is not included. 


Presenting Appraisal Results 


A practical course of action to improve the appraisee’s 
effectiveness in his present work results from the apprais- 
al; it is now ready to be presented to him by his immediate 
superior. 

The counseling performed by the immediate superior is, 
of course, most important. The proper time and place must 
be selected with care; it should be planned so that interrup- 
tions do not occur to prevent the appraisee from having 
any questions left unanswered. “Couch time”, as these 
counseling periods are sometimes called, should be arranged 


Automatic Recording — Mass Collecting 
Differential Refractometer 


Limiting sensitivity 3 x 10-¢ 


The recorder pen indicates refractive index difference. The 
recorder chart movement is controlled by the mass (volume) 
of sample passed. A valuable instrument for qualitative and 
quantitative analysis. 


This instrument is also available in a continuous process model 
for differential refractive index plotted against time. 


Phoenix Precision Instrument Co. 


3803-05 North Fifth Street 
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Philadelphia 40, Pa. 


by the superior to gain the appraisee’s confidence < 
best manner possible. 

During the interview the individual’s responsibilitice 
the conclusions of the Appraisal Committee are rev! 
Why these conclusions were reached is always imp? 
for the supervisor to explain to the appraisee. A rev) 
also included of the individual’s personal data sheet 
covers his education and experience and is directly con) 
with the committee’s conclusions. 


The Importance of Self-Appraisal 


It is difficult to determine how much a man can get 
a program of this type, since it is only through sé 
praisal after counseling that the full results of the pré 
will have effect. Getting individuals to review thei: 
job performance objectively is not always easy. But th 
counseling and various developmental aids they can | 
couraged to make the most of a careful review of tl 
praisal. 


Hermetic Sealing Improved 


Coating nickel with ceramic cuts diffusion of hyd 
through it by a factor of 20. Otherwise hermetically s 
systems could be improved by such coatings. The inve 
tion leading to this conclusion was made by J. R. C 
and R. W. Dixon of the National Bureau of Standard) 

When a previous NBS study of the creep rates of r 
at high temperatures showed a difference in the ra* 
air and hydrogen atmospheres, the latest investigatioy 
initiated. Diffusion tests established that an NBS - 
ceramic coating can reduce the diffusion rate throv 
specimen to at least 1/20 of the rate through bare rn 
even though the coating is only about 1/40 as thick ¢ 
tubing wall. 


New Magnetic-Tape Control 
for Short-Run Machine Tools 


Based on market analyses by a manufacturer ar 
independent firm, a new automatic machine tool cc 
known as the “Digimatic” has been developed and marl 
The device was designed for medium-size job shops co’ 
trating on short runs. Controlled by magnetic tape, i 
developed by Electronic Controls Systems, Inc., a 
Angeles affiliate of Stromberg-Carlson. 

According to Jim Beveridge, our West Coast Corres; 
ent, the analysis revealed a big market for this so 
control. Aircraft companies have long grappled witl 
problem of complicated precision parts that requir 
pensive tooling, but where short runs, lead time, 
productivity and flexibility are still of major concer 
addition, the analyses showed that the potential cons 
had a great reticence to release his drawings and de 
to outside concerns for proper encoding and preparati 
the memory medium. Distrust in the mathematic 
ability to appreciate the impact of his encoding on a 
machining operations appeared to be a major are 
friction. Efficiency of operation through clever and wu 
tooling techniques are the stock in trade of a small job 
If many of these shops have to depend on the same or 
zation to prepare their tapes, their primary mea 
competition would be placed in jeopardy, according 
surveys. The Digimatic and most similar devices offe 
means of preparing the tape in the same shop wher 
control is employed. (Continued on pag 
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-BRITE 


LAMINATED AND METALLIZED WITH 


MYLAR: 


is now available for unlimited industrial applications 


Wc are being introduced to MIRRO-BRITE 
“MYLAR.” It represents a development you 
can’t overlook ... (half mil) .0005 gauge alu- 
minized “Mylar” laminated to 14 gauge non- 
migratory vinyl and dimensionally embossed. 


Here is the newest entry in the materials supply 
field with a limitless potential for many usages. 


“Mylar”, the miracle polyester film with amazing 
tensile strength, embodies an unusual combina- 
tion of physical, electrical, chemical and thermal 
properties. Combined with metallization, it offers 


DEPT. RE 6 


COATING PRODUCTS 


101 WEST FOREST AVENUE 


designers and manufacturers unlimited oppor- 
tunities for novel effects and functions. 


MIRRO-BRITE “MYLAR” can be furnished in 
laminations to paper, plastics, leather, board, 
textiles and other materials. It can be embossed, 
die-cut, printed and processed in many ways. 
A wide variety of color finishes, embossing pat- 
terns and special effects available in continuous 
rolls in 40 and 54” widths or cut-to-size sheets. 
Send for additional information, prices and data 
now. Samples upon request. 


ENGLEWOOD, N. J. 


* “Mylar” is DuPont’s registered trade mark for its brand of polyester film 


ALSO MIRRO-BRITE ACETATE, POLYSTYRENE, BUTYRATE AND ETHYLCELLULOSE 
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While the management of Electronic Controls Systems 
recognizes that labor is uneasy about machines like Digi- 
matic and may require some “education” to accept them, 
there was little concern expressed on this score. 

Developmental efforts leading to the Digimatic were 
focused on a system that could be operated entirely from 
within the shop by available personnel with but little added 
training. The device was to be simple, very flexible and 
require a minimum of extra equipment at the machine tool 
itself. The resulting device consists of two units: a high- 
speed decimal computer and a control unit that controls 
the three feed axes of the tool. 

Digital data is fed directly into the computer by an oper- 
ator reading the blueprint. Input is through a modified 
10-key board. Programming normally would be handled by 
a Methods Planner who would require little special training 
to learn how to incorporate the concept of numerical control 
of complex machine tools. Conversion to a binary system is 
not required: Data required by the computer are no more 
complicated than defining the beginning and ending points 
of a straight line or mathematically known curve referred 


No. 26675 Cenco Moisture Balance, $250.00 
No. 26678 disposable pans for solids or liquids, 


Pkg. of 25, $2.50 


The most complete line of 


scientific instruments and lab- 
oratory supplies in the world 


Here’s the IMPROVED 


CEenCO 


 Infrarece 
MOISTUR 
BALANC 


FAST. ACCURATE, REPRODUCIBLE 


* Reads percent moisture directly 
Dries and weighs simultaneously 


* 

% Measures 25 gram or 5 gram 
samples, either solids or liquids. 

* 


Endorsed by hundreds of users 
including: 


Chemical and Dye Mfrs. Cosmetic Mfrs. 


Candy Mfrs. Millers 

Sugar Refineries Tobacco Processors 
Breweries Yeast Producers 
Dairies Fertilizer Mfrs. 


Stock Feed Mfrs. 
Cereal Processors 
Distillers 

Paint Mfrs. 

Cotton Oil Producers 


Pharmaceutical Mfrs, 
Laboratories 

Paper Mills 

Rubber Mfrs. 
Leather Tanneries 


moisture determinations are made by weigh- 
ing and drying the sample simultaneously. 
Drying is by infrared radiation and weighing 
is by a sensitive null-point torsion balance. 
Heat rays are so shielded as to have no effect 
on weighing mechanism. 


Write for Bulletin No. 1210B 


6 Pkgs. of 25 
$2.25 Per Package 


. Central Scientific Company 

1734 IRVING PARK ROAD . CHICAGO 13, ILLINOIS 

BRANCHES AND OFFICES—CHICAGO « NEWARK «¢ BOSTON « BIRMINGHAM 
DETROIT » SAN FRANCISCO « SANTA CLARA * LOS ANGELES 


CENTRAL SCIENTIFIC CO. OF CANADA, LTD.—TORONTO * MONTREAL 
VANCOUVER * OTTAWA 


REFINERY SUPPLY COMPANY—TULSA * HOUSTON 
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MOISTURE DETERMINATIONS. 


Extremely rapid, accurate and reproducible, 


to some datum point. The computer interpolates all int’ 
mediate points so that continuous information will be 7 
to the machine tool controls. Contours can be milled ung 
control by the Digimatic. True circles and not chord 2 
proximations are generated. 

Upon playback, the magnetic tape controls the operati 
of the machine tool’s servomotors. Transducers sensi 
position along each of the three axes supply informati 
to close the servo loop. 

One methods planner operating one computer could p» 
pare encoded tapes for many machines. In addition, ¢ 
prepared tape could be used to operate many machir 
making the same part. Identical parts could be produced | 
machine shops a continent apart simply by providing dup. 
cate tapes. The tapes can be forwarded quickly by mail, 
in a real emergency, transmitted over telephone cables li 
a phone conversation. Competing devices use punched par 
tape, punched steel tape and punched endless loops 
Mylar as well as magnetic tape for the memory medium) 


Open Sesame 

Chemical terminology is frighteningly obscure to t 
non-chemist, but it can be of itself a valuable R & D to 
The full chemical name of a substance will indicate, - 
the chemist, its structure, its general chemical properti. 
and often the characteristic that makes it unusual. Co 
sider for example, the case of sesamolin. ‘ 

The chemical structure of sesamolin (isolated from t 


oil of sesame seed) has just recently been determine 


This complex compound is the most powerful synerg) 
known for pyrethrum, an insecticide; when the two @ 
mixed in equal quantities, the combination is 31 times mo 
powerful than pyrethrum alone (synergy: combined eff 
tive action of two or more drugs). By comparison, coy 
mercially available synergists, used in even higher conce 
trations, will produce at best a 12-fold increase in effectiv 
ness. A clue to the: exceptional value of sesamolin is fou 
in its structure as outlined in its chemical name. 

The full chemical name of sesamolin is 2-(3, 4—-methyler 
dioxyphenoxy) -6-(3, 4-methylenedioxypheny) -cis-3,7-dic 
abicyclo (3.3.0) octane. Contained in this formidable arr’ 
is the essential clue—methylenedioxyphenoxy. It is tr 
that only a chemist would recognize the importance of t 
clue, but it is worth noting that he can do so, if provid 
with adequate nomenclature. It is precisely with the tc 
of nomenclature that the chemist can manipulate ft) 
scientific literature, cataloguing and classifying structu 
and performance, and identifying unique structural grou: 
with their physical properties and chemical activity. Fr 
quently, new effects can be predicted from changes in t 
basic structure of a chemical—and, for this to be possib 
structures must be described in precise terms. 


Rules of Chemical Nomenclature 

The non-chemist may not realize it but definite rules” 
procedure, as rigid as Robert’s Rules of Order, have bet 
established to help the chemist classify his discoveries ai 
communicate the results of his work, without fear of m) 
understanding, at least by other chemists. 3 

First, some ground rules. The fundamental building blo 
in organic chemistry is the hydrocarbon—a unit compris 
varying numbers of carbon and hydrogen atoms. § 
hydrocarbons link together in a straight line; these a 
in order of their increasing complexity, methane (CH, 
ethane (C,H,, propane (C,H,), butane (C,H,,), penta 
(C,H,,), hexane C(,H,,), and so on. Beyond butane, t 


NEW PLUG-IN UNIT 


For Wide-Band Dual-Trace Applications / 


... with Tektronix Type 541 and Type 545 Oscilloscopes 


Response of both channels to the same signal. 
A 0.6-sec pulse is displayed on alternate 
0.1-usec/cm sweeps of the Type 545 Oscillo- 
scope with the Type 53/54C Plug-In Unit. 


Type 53/54C Plug-In Unit 
Characteristics 


VERTICAL RESPONSE 
With Type 541 and Type 545 Oscilloscopes 
Passband—dc to 24 mc 
(3 db = Y db down at 24 mc) 
Risetime—0.015 usec 


With Type 531 and Type 535 Oscilloscopes 
Passband—dc to 10 mc 
Risetime—0.035 psec 


CALIBRATED SENSITIVITY 
Nine steps from 0.05 v/cm to 20 v/cm, 
accurate within 3% of the panel reading. 


INPUT CAPACITANCE 
20 upf direct, 8upf with 10x probe (P410)— 
as little as 2.5 wuf with 50x accessory probe. 


ELECTRONIC SWITCHING 


Free-running at about 100 kc—for single-shot 
presentations of two simultaneous transients. 


Price — $275 
f.o.b. Portland (Beaverton) Oregon 


Triggered—for alternate sweep presentations. 


Neraeg 


vERNCA 
Position 


i 


The Type 53/54C Plug-In Unit, with the Type 541 or Type 545 
Oscilloscope, handles dual-trace applications over a wide frequency 
range. Either combination provides two identical amplifier channels 
with a dc-to-24 mc frequency response, 15-millimicrosecond risetime. 
Electronic switching can be triggered, displaying two signals on alter- 
nate sweeps...or free-running, switching at a rate of about 100 kc. 
Separate controls for each channel provide for vertical positioning, 
polarity inversion, sensitivity selection, and selection of ac or dc-coup- 
ling. Either channel can be used separately for single-trace applications. 

The Type 53/54C is completely interchangeable among Tektronix 
Type 540-Series and Type 530-Series. Oscilloscopes. When used with 
the Type 531 or Type 535 Oscilloscope it provides better overall pass- 
band and risetime characteristics (dc to 10 mc, 0.035 psec) than its 
predecessor, the Type 53C. 


ENGINEERS — interested in furthering the 


r more information on : : 
Fo advancement of the oscilloscope? We have. 


Tektronix Oscilloscopes 
with plug-in preamplifiers, 
please call your Tektronix 


openings for men with creative design abil- 
ity. Please write to Richard Ropiequet, 
Field Engineer or Repre- Vice President, Engineering. 

sentative, or write to: 


Tektronix, Inc. 


P. 0. Box 831, Portland 7, Oregon 
Phone CYpress 2-2611 *« TWX-PD 265 « Cable: TEKTRONIX 
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AIRBORNE COMPONENTS 


IN MINIATURE 


a a ee 7h © © OP ee oO eR Bw 


SHOWN 1/4 SIZE 


SYNCHROS 


Kearfott (Penny Size) Synchros 
offer a reduction in diameter 
from 1.5 inches to .75 inches 
and in weight, from 5 oz. to 
1.75 oz. In spite of this reduc- 
tion, accuracy has been im- 
proved from 15 minutes to 10 
minutes max. error from EZ. 
Available as transmitters, control 
transformers, resolvers and differen- 
tials. 


YOLOW TOULNG 


= 
~s 
rt 
mS 
S 
ho 
i) 
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SHOWN 3/4 SIZE 


Kearfott components satisfy all require- 
ments for high accuracy, light weight and 
small size. 

KEARFOTT COMPONENTS INCLUDE: 
Gyros, Servo Motors, Servo and Magnetic 
Amplifiers, Tachometer Generators, Her- 
metic Rotary Seals, Aircraft Navigational 
Systems, and other high accuracy mechan- 


ical, electrical and electronic components. 


Send for bulletin giving data of Counters 
and other components of interest to you. 


GYROS 


Kearfott 3" Vertical Gyro meas- 
ures only 3"x3"x 4" and weighs 
3 pounds. It offers the same ac- 
curacy and dependability as its 
predecessor, three times its vol- 
ume and weight. 


CHARACTERISTICS 
2 degrees of freedom, accuracy 15 
minutes max. of Y2 cone angle, and 
erection rate 3°/minute — normal. 
Erection time — 30 secs max. from 
any position. 


: 


iid 


SHOWN 3/4 SIZE 


SERVO MOTORS 


Kearfott (Penny Size) Servo 
Motors measure only .750 inches 
diam. x .980 inches and weigh 
1.2 oz. They are ideal for instru- 
ment servo applications because 
of their high torque-to-inertia 
ratio and small size and light 
weight. 


CHARACTERISTICS 
Stall torque .33 oz.-in., no load 
speed 6400 R.P.M., time constant 
0307 sec. 


A SUBSIDIARY OF GENERAL 
PRECISION EQUIPMENT CORPORATION 


MEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Sales and Engineering Offices: 1378 Main Avenue, Clifton, N. J. 


Midwest Office: 188 W. Randolph Street, Chicogo, Il. 


South Central Office: 6115 Denton Drive, Dallas, Texos 


West Coast Office: 253 N. Vinedo Avenue, Pasadena, Colif. 
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names relate simply to the number of carbon atoms pr 
ent; the first four in the series owe their names to sour 
of long familiarity. Methane, for example, comes from 1 
Greek methy (wine) and ‘hyle (wood); ethane from 1 
Greek aithein (to burn, or kindle) ; propane form the Gre 
protos (first) and pion (fat); and butane from the La 
butyrum (butter). 


Hydrocarbons with a Ring Structure 

Another basic sequence of hydrocarbons comprises th« 
that arrange themselves in a ring structure. The sim 
six-membered ring, benzene, C,H,, derives its name ve 
indirectly from the Arabic; the name for the two fus 
benzene rings, anthracene, C,,H,,, only slightly less direc 
from the Greek anthrax (coal). 

To the root syllables meth-, eth-, etc., are added mo 
fiers that describe the chemical activity of the compov 
built up from the root stock. For example, if an H in 1 
basic hydrocarbon is supplanted by OH, we get an alcoh 
methane methanol. To get an acid, one must modify 
hydrocarbon group on the end of a long chain, replaci 
three of its H’s by an OH and an O: butane buty 
acid. Some modifiers are prepositions; cyano— indica 
that one of the H’s has been replaced by CN: cyano-etl 
for example. 


Sesamolin Explained 

With an adequate vocabulary based on such princi 
in hand, one may “read” the chemical name of sesame 
quite simply. The name of the root hydrocarbon is usué 
found near the end of chemical names; in this case, 
root octane means that the basic chain consists of ei; 
carbon atoms. Bicyclo indicates that these atoms are joil 
to form a 2-ring structure, and dioza means that two 
the carbon atoms in the basic 8-atom chain have bi 
replaced by oxygen. Phenyl and phenoxy show the prese 
of the six-position ring structure characteristics of b 
zene (or, less commonly except in word combinatic 
phene). Methylenedioxy establishes that a single car] 
atom (from methane) is joined to each of the pheny] ri 
through two oxygen atoms. The numbers in the full che 
cal name tell where in the structure the modifiers 
attached. Cis describes a more subtle variation in 
spatial arrangement of the double ring than can be 
pressed otherwise. 

Thus, from the full chemical name, the trained chen 
can write the structure of the sesamolin molecule 


Both from the structure and the name, one can ir 
the reason why sesamolin is such a remarkable synerg 
The methylenedioxyphenyl fragment (within the dot 
lines) is found in the most effective pyrethrum synergi 
but it is the methylenedioxyphenoxy variant that dis’ 
guishes sesamolin from other members of the family. " 
difference, subtle on the surface but responsible for 
unusual insecticidal activity, lies in the means (an oxy 
atom) by which the methylenedioxyphenyl structure 
attached to the remainder of the molecule. Therefore, © 
is the variant (the portion enclosed by solid lines) 1 


\ Research & Engine 
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' Brief words to those 


who have ended up 


be 
ANG left field 


Take a solid look at the potentialities of Foote 
lithium chemicals, and the chances are good that your 

research — development staff will come up with a 
new perspective ....and a better product.* 


Write today for newly compiled data on Foote lithium compounds. 


*Want a f’rinstance ? 


Lithium compounds display unique solubility and electrolytic properties in 
organic solvents. This may open new fields in conductive plastics, low temperature 
electrolytes, static leakage rubber goods, among other possibilities. Does this 
interest you? 


FOOTE MINERAL COMPANY 
455 Eighteen W. Chelten Bldg., Phila. 44, Pa. 


RESEARCH LABORATORIES: Berwyn, Pa. 
PLANTS: Exton, Pa.; Kings Mountain, N.C.; Sunbright, Va.; Knoxville, Tenn. 
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RCA opens 


rewarding fields in 
electronics management 


Here’s trail-blazing challenge in electronics 
engineering management that RCA’s kind 
of man will find hard to resist. Satisfactions 
and rewards measure up to highest stand- 
ards you yourself would set. 


FIELDS OF OPPORTUNITY: 


Systems— Digital Data Handling Devices + Missile 
Electronics » Radar + Inertial Navigation 


Microwave Tubes Missile Electronics 


Aviation Electronics Communications 


Radar Missile Test Instrumentation 


AT RCA: Planned advancement, liberai benefits program, 
selection of location, relocation assistance. 


Please send resume of education and experience to: 


Mr. John R. Weld, Employment Manager 
Dept. A-28F Radio Corporation of America 
30 Rockefeller Plaza, New York 20, N. Y. 


RADIO CORPORATION OF AMERICA 


Ready for you... 
reference file on 


Vacuum-deposited COATINGS 


We have prepared 31 quick-reference 
sheets on coatings . . 
to fit standard files or binders. 

These sheets give such information 
as characteristics on reflection, 
mission, adherence, hardness, durabil- 
ity, water resistance and other data you 
want in the early stages of planning 


work. 


Of course, as you progress into a 
project, you may want our engineering 


help, and it 


the nature and size of the job. Our 
business is largely one of working out 
specific design problems and then pro- 


viding the 


deposit products to meet the needs. 
May we help you? 
Write today for your set of reference 


sheets. 
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. already punched 


trans- 


a 
a4 tetrad -Eiciency Dichroic Ne. 90-409 


is gladly offered whatever 


finest quality vacuum- 


LIBERTY vacuum-deposited COATINGS 


LIBERTY MIRROR DIVISION 


LIBBEY°-OWENS:FORD GLASS CO. 


BRACKENRIDGE, PA. 
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should be traced in the literature (using names or str’ 
tural formulae) to see if equally powerful or even bet) 
synergists can be found. 

Thus there are eminently practical as well as acaden 
reasons for developing the full chemical names of ni 
substances. Granted, the public (and even most chemist 
will find coined names (penicillin, sesamolin) or abbreyv 
tions (DDT, ACTH) or trade names (Serpasil, Sani 
merse) more convenient. But to the R & D chemist, t 
full names of chemical compounds are the essential 
to the treasures that may lie hidden in their structui 
(Adapted from the Jndustrial Bulletin of Arthur D. Litt 
Inc., Number 329, March, 1956.) 


The Genius of the ‘‘Uncommon Man’”’ 


Behind every advance of the human race is a germ 
creation growing in the mind of some lone individual whe 
dreams waken him in the night while others lie contentec 
asleep. This was the contention of Crawford H. Greenewa 
president of Du Pont, in a speech before a recent meeti 
of the American Newspaper Publishers Association. 

Greenewalt went on to say that the emphasis upon gro’ 
effort in modern industry presents the serious problem 
how to preserve the creative genius of the “uncomm 
man”. It is a problem for management, for public edue 
tion, for government, for the church, and for the pre 
And unless we can guarantee the encouragement and fru 
fulness of the uncommon man, the future will lose for 
men its virtue, its brightness and its promise. 

Over the past 50 years, Greenewalt said, there has be 
a gradual, natura] replacement of the individual by 7 
group in the inevitable development of the nation’s econon 
The change over the years from the responsible individ 
to the responsible group has greatly increased emphasis - 
continuity of an enterprise. Greenewalt views with sat 
faction, rather than alarm, the fact that as business ent’ 
prises grow because modern society leans so heavily 
technology and many large units, the demand will be 7 
increasing rather than decreasing aggregations of tale 
manpower and resources. “The pressures of society,” 
said, “will inevitably produce their own controls and stall 
izers. These pressures are great indeed .. . strength mv 


more potent and compelling than the law”. 


“If | were asked what are the most important personal char 
acteristics to make an engineer's life as happy as possible, 

would, without hesitation, reply, ‘A sense of humour and a sensé¢ 
of proportion’. A sense of humour is, indeed, indispensable te 
all engineers, and makes life easier in every way. As regard! 
the sense of proportion, we have no doubt all heard about th 
professor who said ‘There is no need to worry unduly; aft 
all the earth is only one of the minor planets’. When one refle 

that the sun itself is only one of many thousands of millions o 
stars in our Galaxy and that the Galaxy itself is only one o 
about one hundred million others known to astronomers, t 
tendency to over-exaggerate the importance of a particula 
development in mechanical engineering may be suitably lf i 
fluenced.” ' 


P. L. Jones, President, 5 
The Institution of Mechanical Engineers % 
from the Presidential Address delivered at the 

General Meeting of the Institution in London on 
October 21, 1955. 


greater volumetric efficiency 
isn’t a boast... it’s a fact! 


ADVANCED 


DESIGN 
UNIQUE 


PRINCIPLE 


MODEL 
KMB-230 


REVOLUTIONARY 
‘PERFORMANCE 


. Tn === 

The design and ultimate production of the Model KMB-230 rr PTW] eaeaso Pr 
mechanical booster pump was based on a distinct need through- ere Hm | Cont or 
out industry for a pump of its size and characteristics. It provides oh ME LULU UIU | et 
a 230 CFM pump for those vacuum installations where the 2 4of a i — 
Kinney workhorse (the Model KMB-1200) was too large. Sim- : a maT 
ilar in design to the performance-proved Model KMB-1200 (this $ a 1A TY 
model of the KMB-230 is backed by a Model KC-18 for roughing ies 00 
out purposes) ... it offers the same dependable, trouble-free ‘a Ul : - 
service, the highest volumetric efficiency, and highest dollar 20 I il HH it 
return per CFM available in any high vacuum pumping system. a a 01 10 eo © 


PRESSURE IN MM HG, 
SPECIFICATION DATA 


Model KMB-230 Two Stage Mechanical 
Booster Vacuum Pump 


With your particular processing system in mind, investigate 
the outstanding performance records of these Kinney pumps. 
We will be glad to provide you with any vacuum data you need 


é A Ultimate Pressure (McLeod Gauge) 0.1 Micron 
... to make your operation more economical. Request this data penn batalcearat ete ity 
from any of our competently staffed district offices... in Balti- RPM 3600/640 
more, Charleston, W. Va., Charlotte, Chicago (La Grange), Motor H.P. a nat 
Cleveland, Detroit, Houston, Los Angeles, New Orleans, New Oil Capacity 5 Pints 
York, Philadelphia, Pittsburgh, San Francisco, St. Louis, or The Cooling Water 
International Sales Office, 90 West St., New York 6, N. Y. Take Shaft Seal Mechanical 
time to make one of your smartest moves and mail coupon today Shaft Diameter 44 /% 
for additional information. Kinney Mfg. Div., Boston 30, Mass. Inlet Connection 4” Flanged 
Outlet Connection 1%4” Screwed 
Net Weight, Complete 1010 Ibs. 
Ki fd Ia EY MFG. DIVISION 
THE NEW YORK AIR BRAKE COMPANY PN PIRES i ee TEER INN Celera aioe csssocnc ghee doeascesbiysn atl devibooaphackatcatass (RBDIATDSAADTE 
3642 WASHINGTON STREET» BOSTON 30° MASS. f) 
INTERNATIONAL SALES OFFICE, 90 WEST ST, NEW YORK 6, N.Y. CETL TIES: | MESON RR Ee cages SS eR RT een ORES 
write @ PLEASE SEND CATALOG No, 425 5 
describing the complete line of ELCOCLR AO MEMES RANSON esc tolei eee arsed eotads loptp gticoensese 
today Kinney Vacuum Pumps. 
8 gaan. he A ge ee NR State.iite 
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“| chose Stromberg-Carlson 
for a new way Of life... 


maybe you should, too” 


Stromberg-Carlson offered me and my 
family so much more than a good salary, 
plus bonus and a flock of fringe benefits, 
that I couldn’t say anything but “When do 
I start?” 


There’s the Company itself—sixteen times 
bigger today than in 1940—and now a divi- 
sion of the headline-making General Dy- 
namics Corporation. One look at its Re- 
search Lab alone convinced me that here is 
probably the “hottest” electronics industry 
in America today. 


There’s Rochester, and its surroundings. 
Right in the heart of the Finger Lakes; only 
four hours from the Adirondacks. Home of 
the Eastman School of Music and Eastman 
Theatre; of world-famous parks; of no less 
than thirteen golf courses; of schools and 
shopping centers unrivalled in the East; of 
scientific industries whose engineers turn 
up as your next-door neighbors. 


Above all there’s opportunity. As the 
chap who hired me put it, “This is the spot 
for men who are either stymied in a little 
company, or buried in a giant.” More than 
twenty fields of employment are open—as 
shown by the list to the right. 


I started with a detailed letter of inquiry 
to Howard L. Foote, at the address below. 
Why don’t you do the same? 


STROMBERG-CARLSON 


A DItvisStON OF GENERAL DYNAMICS 


Audio Amplifiers 

Auto Radio 

Automation 

Carrier, Wire-Line 
Countermeasures 

Data Processing 

Digital Techniques 
Electro-mechanical Design 
Electronic Carillons 
Electronic Switching 
Infrared 

Intercom Systems 
Laboratory and Test 
Engineering 

Loudspeaker 

Magnetic Tape Recorders 
Microwave, communication 
Navigational Systems 
Radar 

Telephone Switching Technique 
Transistor Engineering 
Voice communication 
Writers—Bid Proposal 
Writers—Technical 


COMPANY SC 


4 z 
CORPORATION 3 Mie S 
9 aby 2 


108 Carlson Road, Rochester 3, N. Y. ERS 
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SERENDIPICS 


Love That Quinoa 
The old French engraving “La Botanique” on the et 
cover of a recent issue of The Laboratory, published ] 
Fisher Scientific Co., Pittsburgh, Pa. depicted the 1 
Century search for new foodstuffs. The cover prompted} 
reader in Peru to report that an ancient crop has just ber 
re-discovered in the high sierra region of that country. — 

Called ‘quinoa’ and a staple since earliest Peruvi: 
times, it has been assayed by chemists as very high in ¢ 
gestible proteins, vitamins, starch, other nutrients. Ai 
it has more calories than condensed milk, eggs, fresh frul 
or any vegetable you can name. Only drawback: a tas 
exactly like soap! 

So Peruvian laboratories, under the encouragement — | 
the United Nations’ Food & Agricultural Organization, we 
to work and converted the stuff into an attractive, pala 
able form “not unlike American corn flakes’’. 

Well, now that the laboratory men have done all th 
can do, the next step is, alas, pretty predictable: a pho 
call to a high-powered Yankee advertising agency, a nar 
like “Happy Andes (The Incas Cried For It)”, and M4 
watch those cash registers sing. 


Mass-Production Martinis 

Here’s a valve that never had it so good—a unique “e0¢ 
tail valve’ coupled with a tube arrangement to pour jv 
the right amount of a Manhattan or a Martini mix into 
cocktail glass. The dispenser, demonstrated by the Re 
Operating Valve Company at the recent Chicago show 
the ASTE, includes a mahogany base, the stainless st 
tops of two coffee makers, a red button to push for M 
hattans and a pale green button to produce Martinis. T 
valve used in the device is ordinarily employed for aday 
ing air pressure to power such things as welding guns, ¢ 
riveting and testing fixtures. 

Unfortunately, you can’t tell your troubles to this be 
tender. 


Shave That Tiger! 

Tiger whiskers, eagle feathers, kangaroo tail tendons 
elephant hair are the unlikely subjects of a research proj: 
at the University of Michigan. These and similar materi 
are being studied by biophysicists in an effort to chart 
structures of proteins, the complex compounds requi 
in the life processes of all animals. 

Why study such exotic materials when there are tons 
robin feathers, eat whiskers and cow hair available? 
cause not all fibrous proteins are alike, the biophysicif 
want to find the ones with the best “orientation” (molecu 
located along the length of a fibre). 

The researchers get their materials from a variety 
sources, including museums and zoos. A Detroit radio ¢ 
mentator once aired their needs for the unusual items, 
a woman promised some tiger whiskers if the source 
not revealed. A man with an elephant’s tail for a tro 
sent hairs from it. 


PUBLISHER’S NOTE: The message on the opposite page is a pate 
advertisement of the Perkin-Elmer Corporation, Norwalk, Conn. 


For more information circle 18 on page 48. 
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Research and Developme 


Utopia is not just around the corner. But barring an 
international catastrophe with results no man can foresee, 
the American economy will continue a long and sustained 
climb with no insurmountable barriers in sight. If any one 
factor can be said to be responsible for this happy state of 
affairs, it is what has been aptly called ““The Mighty Force 
of Research’. 

The extent of R & D funds that will be pumped into the 
American economy by 1975 can only be surmised. Our 
economic seers are cautious, but it seems likely to be double 
or triple the $5 million spent for R & D by all bodies in 
1955. One thing is certain: The role of R & D in company 
affairs will be magnified greatly; organizationally, the 
R & D unit will become the focus around which all other 
corporate activity revolves. 

From the profit standpoint, the companies that waded in 
early, set up their laboratories, and manned them with a 
full corps of scientists and engineers are just beginning to 
realize the true relationship of R & D to their overall profit 
objectives. Beyond a doubt, the next 15 to 20 years will see 
harvest after harvest ripening from the seeds which have 
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Report on National Industrial Research Conference: 


Stepped-up research and development has been the major key to sales and 
profits for many companies in the last five to ten years. With “Research for 
Profit” as its theme, the first annual National Industrial Research Confer: 
ence, sponsored by the Armour Research Foundation of Illinois Institute of 
Technology, took a long hard look at three important aspects of industrial 
R & D: research budgets, research management's decisions, and research re- 
sults. Here’s a review of highlights of the two-day meeting. 


been sown in the recent past or will be sown in the future. 

Radio Corporation of America is a good example of R & D 
coming home to roost in the rosy figures of the annual 
report. Today, fully 80 percent of its business comes from 
products and services which were not on the market at all 
ten years ago. Most electronics firms are confident that this 
process will repeat itself in another 10 years. The people in 
chemicals feel the same way; the solar and nuclear energy 
fields have not even begun to flex their muscles. 

The most significant thing is that the nucleus for to- 
morrow’s prosperity, translated into more and better jobs, 
new and improved products and services, and a higher 
standard of living for everybody, lies in the research and 
development laboratory today. 


y 


Research and Development: The Prime Catalyst | 

Dr. Haldon A. Leedy, head of Armour Research Founda- 
tion and a luncheon speaker at the conference, cited a recent 
study of R & D expenditures in 11 industries which shows 
that those industries which spend the most for R & D al 
have the greatest profit. Conversely, those which spent th 


r PROFIT: 


east, also gained the least. 

The study pointed out that the top three industries which 
allocated 5.7 percent of sales for R & D had a 52 percent 
yain in profits. The middle three industries spent 0.9 per- 
sent on R & D and had a 9 percent gain in profits. The 
owest three industries spent 0.2 percent and saw their 
srofits shrink 3 percent. 

In addition to helping companies reap greater profits, 
Dr. Leedy said, emphasis on R & D also helps many firms to 
steer clear of obsolescence and outdistance competition. 
soupled with our system of free enterprise and the recent 
ligh interest in the art of good business management, the 
rise of organized R & D seems to be the prime catalyst in 
he U.S.’s fantastic rate of economic growth. 


Scientific Output and Productivity 


According to the ARF head, America’s new frontiers to- 
lay are the undiscovered basic laws of science and the po- 
ential applications of these laws. To capitalize on these 
scientific resources, the big question facing R & D now is 
whether or not it can continue to increase its output. 

If R & Dis to keep pace with the burgeoning productivity 
of the U.S., it must insist on efficient operations. Leedy feels 
that the shortage of technical manpower is this country’s 
sreatest obstacle to increased research output in the im- 
mediate future. But he pointed out that in spite of this 
shortage, research output can be boosted by increasing the 
fficiency of our research programs. 

_Leedy recommended the following operating methods and 
Bimnigues which could contribute to more productive R & D 
perations: 

Acquisition and retention of the best creative minds 


fessional development of the entire research staff 


@ Selection of the best combination of staff talent to work 
on each project 


e Provision of adequate tools for the scientist and en- 
gineer in the form of good equipment 


e Availability to the scientist and engineer of various types 
of non-technical services so that he can devote his full time 
to utilizing his own specialized talent 


e Allow the researcher utmost freedom in the area of sci- 
entific thought, but insist that he adhere to certain general 
policies the same as any other member of the organization 


e Provide comfortable, well-maintained, but not neces- 
sarily expensive laboratories for researchers. 

Leedy feels that the nation’s critical shortage of techni- 
cal manpower “may be a blessing in disguise’, if it forces 
industry, the government, and the independent research or- 
ganizations to take a critical look at the efficiency of their 
R & D operations. The average per capita output in the U.S. 
is three-and-one-half times the average for the rest of the 
world largely because of our efficient production methods. 
Leedy claims there is no reason why this same efficiency 
cannot be carried over to the research laboratory. 


DR. HALDON A. LEEDY 
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An Investor Looks at R&D Budgets 


By any standard, research 
is big business today. One 
reason why is that wise inves- 
tors prefer to put their funds 
with the research-based com- 
pany, where they know that 
one dollar can often be made 
to do the work of two or three. 
Winthrop H. Smith of Mer- 
rill Lynch, Pierce, Fenner & 
Beane emphasized this when 
he said, “Industrial research 
is most important to the in- 
vestor today. He looks for it 
to develop new markets for old products, new products for 
old markets, improved products for all markets, and better 
techniques to help reduce costs’. 

The typical investor of the twenties was apparently often 
willing to buy a symbol and a price on the ticker tape, said 
Smith. In those days there were no capital gains taxes and 
other taxes were relatively insignificant. So the investor of 
yesteryear looked primarily for securities which would pro- 
vide him with large profits over a relatively short time. 

However, this species (the speculator) is far out- 
numbered today by the investor who looks for growing 
earning power, higher dividends and moderate appreciation 
of his investment over a longer period of time. He is more 
likely to place value on the efforts companies make to 
perpetuate themselves and research they undertake to 
generate further growth. Over the years, the security owner 
has come to recognize the immense contribution which 
R & D can make to the well-being of a company and thus 
to the value of his investment. 


WINTHROP H. SMITH 


How Research Results in Profits 

Smith cited several examples of how research has helped 
a company to greater profits and made it more attractive 
in the eyes of investors. According to Crawford H. Greene- 
walt, president of duPont, “Our growth has been over- 
whelmingly the result of internal development through 
research’. About 27 percent of 1955 sales resulted from 
additions to duPont product lines in the postwar period. 

Even the development of a single product in the research 
laboratory can exert a profound effect upon a corporation. 
Schering Corp. is a.case-in point. In February 1955, 
Schering introduced the anti-arthritic drug called meticor- 
ten. Primarily because of the enthusiastic reception given 
meticorten, Schering’s sales more than doubled in 1955 and 
earnings increased five-fold. Its stock climbed from 22 to 58. 

In late 1948 the Polaroid Corp. introduced the first model 
of its Land camera. The spectacular success of this instru- 
ment caused Polaroid’s sales to increase more than 15 times 
and losses have been converted to profits. 


Survey on R & D Expenditures 

To cast some light on the current research activities of 
industry, Merrill Lynch recently completed a survey of 
almost four hundred corporations. Each was asked: (1) 
“In the 1955 fiscal year, how much did you spend for re- 
search and development excluding government-sponsored 
contracts and including government-sponsored contracts?” 
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and (2) “What percentage of sales did each of these figur 
represent?” Because of long-standing policy, some of t 
corporations polled would not supply these figures even ¢ 
a confidential basis. Others were unable to do so becau 
of the classified nature of some of their government co 
tracts. A few said they had no idea what they spend ¢ 
research. But the results were generally satisfactory. 

The question of semantics became involved in the cor 
pilation of results, since no two companies are likely 
define R & D in the same terms or to report figures on t 
same basis. To compensate for these variations and 
protect the identity of those corporations which provid 
data on a confidential basis, the results are presented © 
industry groups (see table below). 

As might be expected, the aircraft figures indicate th 
this industry is a leader in research—both from the stan 
point of total research expenditures and from the stan 
point of research as a percent of sales. All compani 
answering the survey held some government contracts a: 
about 75 percent of the research done by these firms w 
financed by the government. 


CORPOR 


FARM MACHINERY 3 $1,791 $49.3 2.7% Neglig) 
AIRCRAFT AND PARTS 12 2,779 142.8 5.1% 759) 
CAR ACCESSORIES 14 2,520 27.4 1.1% 109 
BUILDING SUPPLIES 8 1,319 15.2 1.2% 59 
CHEMICAL 14 5,463 179.8 3.3% Neglig: 
DRUGS—ETHICAL 8 704 33.2 4.7% Neglig 
DRUGS—PROPRIETARY 4 361 11.7 3.2% Neglig) 
ELECTRICAL EQUIPM’T 13 2,448 . 168.5 6.9% 409 
FOOD 14 6,228 30.1 0.5% 109) 
HOUSEHOLD EQUIPMENT 5 287 5.6 2.0% Negligy 
MACHINERY 6 674 21.1 3.1% 409 
MOVIE PRODUCERS 3 230 1.8 0.8% Negligy 
OFFICE EQUIPMENT 5 1,060 28.6 2.7% Neglig) 
PETROLEUM 13 17,724 130.3 0.7% Neglig) 
RADIO—TELEVISION 5 920 58.8 6.4% 559 
RAILROAD EQUIPMENT 7 975 24.6 2.5% 459 
TOBACCO 5 1,734 3.1 0.2% Neglig: 
TRANSPORTATION 7 1,706 4.2 0.2% Negligy 
OTHER M/F‘G 32 7,118 96.5 1.4% Neglig 


The figures for the chemical and drug industries a 
show heavy emphasis on research. R & D expenditures aj 
percent of sales did not vary greatly from company 
company in either of these industries. However, two cher 
cal companies, neither among the largest in the indust; 
reported research exceeded four percent of sales; two dr 
firms reported research was over six percent of sales. 

The statistics for the electrical equipment industry do » 
include General Electric which has, however, reported th 
its R & D costs in 1955 were well above the estimat 
electrical manufacturers’ industry average of six percé 
of sales. The Merrill Lynch figures do include Westinghouv 
Electric, which dominates the sampling. Westinghouse sa. 
account for slightly more than 50 percent of the group to’ 
and its research expenditures for almost 80 percent of t 
total. Thus while the statistics are by no means comple 
they do reflect the importance which this industry attribut 
to research. 
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As for the total figures, research expenditures of all the 
ympanies answering the survey represented 1.9 percent 
f sales. This is very close to other estimates. According to 
lis survey, 80 percent of research expenditures were 
nanced by the companies themselves, and 20 percent by 
ve government. 


Research “Coefficient” 

Smith explained how some companies have attempted to 
stablish a factor or coefficient by which their current 
ssearch expenditures could be multiplied to arrive at the 
ales, or better yet, the profits of the company, at some 
iture date. Minnesota Mining has calculated that every 
ollar spent on research eventually yields 25 dollars in sales. 
ut another way, Monsanto Chemical has found that for 
yery dollar spent on research it must eventually spend six 
ollars on capital expenditures to make the products its 
ssearchers have discovered or improved. 

At best, Smith said, the statistical correlation between 
esearch and capital expenditures, sales or profits, is 
mnuous in most cases. The host of economic and political 
actors which affect sales and earnings militate against a 
imple statistical approach to this problem. Even so, figures 
mn research spending measure the quantity but not the 
uality of work done. And of course, not every research 
roject undertaken proves successful. 


rom the Stockholder’s Viewpoint 


ROLAND P. SOULE 


As R & D managers occupy more important niches in the 
orporate structure, they must not only be able to decide if 
project is technically feasible, but also whether successful 
ompletion will contribute to the economic health of the 
ompany. In a talk before the conference, Roland P. Soule, 
ice president of Irving Trust Co., gave some of the rules 
or judging economic worth in terms of stock market 

ormance—coupled with a warning that we may be 
ig too much on R & D. 


Many managements, Soule said, undoubtedly used R & D 
sparingly. But there are some who have used it too 
ishly or too unwisely. More than a few companies have 
ontinuously spent large sums for R & D without correspon- 
ing benefit to their stockholders. And the number of such 
e histories may multiply in the future. Expenditures by 
stry for research and development have been growing 
sh faster than our economy as a whole. Will R & D in 
se gargantuan doses help or harm the stockholder? 

‘he risk lies in the huge new investments which must 
ntinuously be made in new machinery and equipment to 
€ economic life to the facts learned in the laboratory 
d pilot plant. Each new investment carries with it not 
y the hope of something to be won but also the threat 
something to be lost. If the result is to be good, then a 
nb er of basic economic principles must at all times be 
ne ‘in mind. These eevee relate, for example, to the 


earnings to be distributed as dividends, the types of 
business to acquire or liquidate, and certain other broad 
questions of company policy. 


Measurement of Successful R & D 

Nobody expects every successful engineering project 
undertaken by a company to increase its profits. For 
example, new models of automobiles, refrigerators and 
domestic appliances of all sorts need to be brought out at 
regular intervals. This can be a very expensive operation; 
huge new investments in tools and dies may have to be 
made each year. Of course, the hope is always held that 
the new model will outrun the competition and that a bigger 
share of the business will be obtained. But the project 
can still be considered successful if its only result is to 
keep profits at the same level as in the past. 

Soule does not regard the periodic development of new 
models of established products as an activity which can 
be properly classified as “research and development’. He 
concedes that the two activities may overlap in many in- 
stances, but that a fundamental difference in principle 
exists. Thus, the engineering of new models is mandatory 
if a company is to manufacture the product at all. It is 
almost as much a part of the company’s day-to-day cost of 
operations as materials and direct labor. Presumably, the 
only alternative to engineering of this nature would be 
to go out of the business completely. 


Two Types of Research 

Soule went on to discuss R & D of the type to which an 
alternative course of action might be reasonably considered. 
The most obvious example of such activity is, of course, 
that which is designed to increase a company’s earnings 
above the already existing level—the so-called aggressive 
or expansion-minded type of R & D. This consists charac- 
teristically of the development of new markets for existing 
products (in either their present or modified form) and the 
addition of entirely new products to the line. A company 
is under no immediate compulsion to undertake technical 
development of this type in order to stay in business. In 
this application of research, therefore, it is entirely in order 
to inquire if the results are worth what they cost. 

But what about R & D designed to reduce the cost and 
improve the quality of a company’s already existing prod- 
ucts? Work of this sort, Soule claims, is always a major 
activity of industrial research organizations and often 
receives more attention than the development of new prod- 
ucts. How can such R & D be classified? At one extreme 
its objective is to increase profits—which would classify 
it with the aggressive type of research. At the other 
extreme its objective is simply to keep the company in 
business—which would classify it with the engineering 
of new models. But between these two extremes the most 
common objective of the cost-reducing, quality-improving 
type of development is to combat long-term trends of an 
adverse nature. Thus it is not concerned so much with 
year-to-year changes in design as it is with the problems 
growing out of saturation of markets, shifts in consumers’ 
buying habits, and technological obsolescence in general. 
R & D of this broad type may be classified as defensive or 
protection-minded. Since its goal is to prevent or to defer 
the loss of profits, it can be financially very successful even 
though it results in no increase in earnings. 

Experienced and rational business managements see no 
reason, however, to appraise defensive R & D any less ob- 
jectively than aggressive R & D. Just as the new earnings 
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added by aggressive action must be enough to justify their 
cost, so must the old earnings saved by defensive R & D 
be enough also to justify their cost. The basic principle 
is the same in each case, even though the visible effect 
upon reported earnings may be quite different. 

It is not in terms solely of the magnitude of earnings, 
however, that the financial advantages of R & D—whether 
aggressive or defensive—can best be measured. The ‘‘qual- 
ity” of earnings can be fully as important as their mag- 
nitude, as witnessed by the widely differing values given in 
the stock market to earnings of equal magnitude from var- 
ious sources. Hence, it is in the market action of their stock 
that the shareholders of a publicly-owned company pri- 
marily feel the results of R & D. 


R & D Accelerating too Fast? 

Soule concluded his talk by saying that the optimum 
rate of growth of a company can be no faster than human 
minds, all down the line, can find successful solutions 
to these multiplying problems. “That is why,” he said, “I 
have some misgivings about our accelerating rate of R & D 
expenditures. On the one hand, we see company after com- 
pany committing itself to the goal of an ever-increasing 
corporate size. But, on the other hand, we also see an 
increasing difficulty in finding the necessary manpower. 
Thus, we are so short today of technologists of all descrip- 
tions that we are glad to hire almost any engineer, physicist 
or chemist we can find, and put him to work in the R & D 
laboratory. I do not predict that these developments will 
result in failure and that increasing corporate size will no 
longer be accompanied by increasing profits. I do fear, 
however, that corporate standards of performance may 
necessarily deteriorate and that the common stockholder 
may no longer gain from this expansion effort the same 
degree of benefit he has enjoyed in the past’. 


The Researcher and the Profit Motive 


WM. E. HANFORD 


Dr. William E. Hanford, vice president of R & D for 
M. W. Kellogg Co., discussed the many problems which face 
the modern industrial researcher. In his talk he divided 
people into two categories—the ‘“‘doers” and the “‘workers”’. 
Since the “doers” are the people who create, the researcher 
belongs in this category along with the rest of the team 
that is driven by the profit motive. 

Hanford further divided the “doers” into two categories 
—those who work in the present and those who work in the 
future. The ‘‘doers” who work in the present are Manage- 
ment, Production and Sales. The “doers” who work in the 
future are the researchers. 

When the Management, Sales and Production “doers” 
make a good profit, or see the possibility of the loss of busi- 
ness to others, they call in their special industrial insurance 
agent—the Industrial Researcher. He is asked to cure their 
ills and to give them not only everlasting life but also ever- 
lasting high profits. For the researcher to produce these 
results he must have guidance from Management and Sales 
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as to the type of products or service in which the compa! 
is interested, products or service for which the Sales D 
partment feels they can develop a market. Without th 
guidance on the part of Management or Sales, no industri 
research can be profitable. 

With the company’s objective before him the research 
must sit down and try to forecast several things, such a 
e What type of products or service are more likely to sa 
isfy the demands of the Sales Department? 

e Can I develop these products in time to meet sales r 
quirements? 

e Is the Sales Department outlook too short, and is it like 
that the products they want will have an entirely differe 
set of properties by the time I can get them developed? 

e Are the raw materials available for the manufacture 
the products they say will fill the bill? 

e How far back must I go in the manufacturing sequen 
to get the desired raw materials and make the proce 
economical? 

e What will be the scale on which this product will 
manufactured? 

e Should the processes to be used for this work follc¢ 
conventional lines or should I try to combine a number 
steps and shorten the whole operation? 


Forecasting Problems 

Hanford says that the researcher’s forecasting probler 
follow the same pattern as the sales forecast. The smal 
the change required of research the greater the accuracy 
the forecast. The smaller the item, the greater the ease 
evaluating the market before the research gets into ft 
expensive stages of pilot plant operation. If the market ¢ 
be evaluated with a few hundred pounds, the problem 
much simpler than if it requires twenty tons. The nea? 
the process is to an existing operation the easier it is 
make either of these products regardless of size because, 
general, simple modifications of existing equipment will 
the trick. For the researcher the forecast not only gives hi 
guidance but it selects and sets the route he must folle 
and in many cases he cannot change the course until 1 
research program is completed. 


The Competitive Side of Research 

There is another phase to the problem, said Hanfo: 
Just as business is competitive, so is research; if * 
researcher selects the wrong objective one of his com: 
titors may beat him to the solution with the same produ 
or even a better one. No one realizes better than the 
dustrial researcher the competitiveness of modern busin: 
for on this side of the business there are no part sco» 
or second prizes; it is a “winner-take-all” game. The | 
searcher must make a forecast as to the saleability of © 
idea with fewer facts than the Sales Department. 

In research it is generally conceded that it takes fr’ 
five to seven years to get a product from the first succe 
ful laboratory experiment into commercial production. 
this time-table Hanford starts with the first success 
laboratory experiment and not with the beginning of ‘ 
project. It may take anywhere from one week to seve 
years to get that first successful experiment. Before — 
search is commercially successful many people have contr 
uted to the effort. Is it any wonder that in the 
from the conception of the idea to reality, the researc 
and his contribution is often forgotten in the enthusi a 
to bring home a winner? ; 
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In sum, Hanford says that research takes time and the 
onger it takes the more difficult it is to say who and what 
nade the profit. 


teport from Defense 


Clifford C. Furnas, Assistant Secretary of Defense (Re- 
earch and Development) discussed the expanding state of 
soviet technology and the threat that this poses to our 
ational security and way of life. Considering world con- 
litions, he feels that our course of action in R & D becomes 
juite clear. In addition to the effort required to maintain 
ur forces in a continual state of readiness, we must expend 
ubstantial R & D effort to insure that our fighting forces 
n future years will have the best possible weapons. 

Furnas said that an extremely difficult problem in the 
nanagement of the Defense Department is the determina- 
ion of how much money should be devoted to R & D each 
rear. In the Department the identifiable R & D appropria- 
ions requested for next year 
re about four percent of the 
Yefense budget. According 
0 Furnas, the Department 
vants to support a program 
vhich will maintain a techno- 
gical margin over our po- 
ential enemies and which 
fill allow the exploitation of 
cientific advances for weap- 
nry. At the same time the 
Jepartment does not want to 
pend more than can be used 
ffectively as this might well 
nflate costs and will produce no greater results. 

On the other side of the coin is the necessity for main- 
aining an expanding civilian economy. This brings into 
onsideration the nation’s total capacity for R & D. On the 
Jefense side there are other government agencies besides 
he Defense Department that are doing R & D work. A 
onsiderable portion of the Atomic Energy Commission 
rogram of some $400 million and the National Advisory 
ommittee for Aeronautics program of some $70 million 
ust be classified as military-related work. 


CLIFFORD C. FURNAS 


ther Determining Factors 

Other factors enter into determination of the level of the 
nhilitary program, Furnas said. Most important of these is 
hat the military R & D appropriations do not cover all of 
he funds which support the Defense Department’s R & D 
ffort. It has military personnel working on projects and 
ests who are paid from a separate appropriation; it re- 
eives money from the Construction Appropriations for the 
apital construction of laboratories and test facilities; and 
t receives substantial support from the Procurement and 
oduction Appropriation for funds to buy prototypes for 
yineering and service tests and for the construction of 
lities at contractors’ plants. 

‘ust as in industry in recent years, Furnas said, Defense 
epartment costs have gone up. According to the Bureau 
‘ Labor Statistics, R & D costs per scientist or engineer 
ve increased about five percent per year. In addition, our 
apons are becoming more and more complex. The number 


] ast piston engine. The development cost of the B-52 has 
an more than 214 times that of the B-36; the development 
; of the F102 was more than twice that of the F86. 


Some Views on Basic Research 


One of the most important research decisions top man- 
agement and research management must share in making is 
the allocation of funds for fundamental and applied re-» 
search. One big difficulty in reaching such a decision is that 
the line between fundamental and applied research is diffi- 
cult to draw. Another is the lack of a generally agreed-upon 
definition of fundamental research, even within the confines 
of a company. 

Most companies with research and development programs 
pay at least lip service to the importance of basic research, 
although many of them are content to wait until they can 
utilize somebody else’s published findings. GE and Bell Labs 
are today the recognized frontrunners in basic research. The 
Langmuir’s of GE and the Davisson’s of Bell are proof that 
basic research can pay off handsomely. Yet the fact remains 
that many companies which should be undertaking basic 
research on a larger scale and as an outpost of future profit- 
ability are neglecting the job. While the estimated cost of 
all industrial research and development in the U.S. in 1953 
amounted to about $3.7 billion, only about four percent or 
slightly under $150 million of this went for basic research. 

Elisha Gray II, president of Whirlpool Seeger Corp., and 
another conference speaker, described “pure” research as 
that part of scientific exploration that seeks to push back 
the perimeter of man’s knowledge, without having as a mo- 
tivating factor any particular or known commercial appli- 
cation. Gray, in common with many another industrialist, 
thinks that the amount of money being spent for basic re- 
search in this country is pitifully inadequate. This paucity 
of industry support for basic research could be our Achilles’ 
heel, said Gray. 


ELISHA GRAY II 


Why Pure Research is Necessary 

He went on to state three reasons why, in his opinion, 
pure research is necessary: 

e It provides the seed of scientific principles on which new, 
applied engineering must rest. 

e Basic research will be essential to develop substitutes for 
our rapidly dwindling natural resources. 

e We must keep pace in basic research foi purposes of 
national defense. 

Private industry, Gray declared, has neither created the 
proper environment for basic research, nor has it contrib- 
uted significantly to its growth and development. The rea- 
sons are quite clear: In most circumstances, pure research 
cannot be predicted as a profit-making endeavor. By its 
very nature, therefore, pure research does not contain the 
elements which allow for exercise of the ordinary type of 
management decision. 
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Tax Exemptions for Pure Research 

Gray went on to suggest that the government should en- 
courage pure scientific research by granting industry tax 
exemptions for this purpose. Just as the government gives 
special tax consideration to the development of natural re- 
sources, it should likewise give special consideration to the 
development of scientific resources. Money spent for pure 

‘research should be deductible in whole or in substantial 
part from the federal income tax, he said. 

In pursuing fundamental research Gray suggested that 
industry follow one of two courses: (1) isolate a pure re- 
search effort geographically as well as in the line of man- 
agement (since it is difficult to create the state of mind most 
conducive to pure research in a commercial business atmos- 
phere) ; (2) if the above is not practical for an industry, 
basic research should be entrusted to non-profit research or- 
ganizations and universities. In such an academic atmos- 
phere, research can thrive and produce its finest. 


HERBERT J. BUETOW 


Speaking on the same subject, Herbert P. Buetow, presi- 
dent and director of Minnesota Mining & Manufacturing 
Co., spelled out two compelling reasons why industry should 
spend money for fundamental research: (1) industrial 
leadership and (2) world position. 

An industry that expects to maintain its present position 
—and improve on it in years to come—either is or should 
be investing part of its bottom-line (research) dollars in 
fundamental research, he said. “One might ask why a com- 
pany should want to grow when the result of growth . 
continues to be paid out largely in taxes. The answer... is 
that we (8M) have built a strong organization of young cap- 
able people, and if they thought we were not going to ex- 
pand—which is the only way for them to become more 
important in the scheme of things—we would soon lose 
this driving force which has kept us growing rapidly.” 


3M’s Attitude Toward Basic Research 

Buetow cited how the encouragement of basic research 
has helped 3M to grow over the past 25 years. Over this 
period the company maintained the attitude that a research 
man should not be regimented. If he so chooses, he should 
be able to regard part of his budgeted time as opportunity in 
which he is free to try out any idea which he thinks might 
lead to something the company can do. 

As a result of this attitude—increasing fundamental 
knowledge in its own field—3M scientists came up with such 
profitable products as waterproof sandpaper, cellophane as a 
tape backing, glass-beaded reflective signs,. colored quartz 
granules for roofing and magnetic recording tapes. 

Buetow warned that a company should not “expect too 
much, too soon” from its R & D efforts. “We know from 
experience,” he said, “‘that we can expect to wait about five 
years on the average before a new product returns half of 
its original investment’. 

Buetow cited eight large companies in the electrical equip- 
ment and chemical industries that are spending the lion’s 
share of the basic research dollars; he suggested that the 
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owners of American industry are willing to pay an ev 
higher premium for ownership in such concerns. As of th 
end of March these companies showed a price-earnings rati 
ranging from 20 to 37 percent against an overall 15.3 rati¢ 
for the Dow Jones industrial averages of 30 representative 
stocks. | 


Utilizing Outside Research Assistance 


GEORGE C. ENSIGN 


Properly used, the miles independent oe organiza 
tion has helped many a company to do a more efficient job 
At the same time, by acting virtually as an “arm” of thi 
company’s research unit, it can enhance the general profil 
picture of the firm by contributing the technical “know 
how” that frequently cannot be acquired in any other way. 

According to George C. Ensign, director of research fo 
Elgin National Watch Co., Elgin is a firm believer in outsid! 
research. “The organizations with which we work,” sail 
Ensign, “make available to us more millions of dollar 
worth of equipment and operators trained to use them 
than we could dream of purchasing for use in our hom 
laboratories. We have also learned that the consulting aspee 
of our relationship with these laboratories is invaluable 
Literally hundreds of the best technical men are availabl 
to us through consultation.” 


Deciding When to Obtain Outside Services 

When should the services of the outside research facilit 
be sought? Ensign says it may be feasible if any of the fol 
lowing familiar situations prevail: 
e I lack qualified men to attack a problem. 
e Weare short of space or equipment. . 
e We can’t afford the capital investment required for th 
research. 
e It’s an old problem and we are completely out of ideas 
e I just don’t know how to tackle it. 
e It calls for a variety of scientific skills. We could neve 
collect that much talent in our laboratory. And if we wer 
to hire them, what would we do with them after the projec 
has been completed? 
e It seems ill-advised to expand ‘our staff to take on thi 
study. It looks like a temporary situation. 


The Question of Costs : 

In considering the services of an outside organization 
the matter of costs is bound to arise. Figures of $1200 t 
$1500 per month per research worker assigned to th 
project are good round figures to use. When dealing wit 
a specific agency, this may be somewhat high or low, d 
pending upon the sort of scientific talent needed for th 
study, the type and quantity of equipment required, tk 
space needed, the amount of supplies, travel expense, powe 
and various other items to be considered. 


Selecting an Agency 

The most important consideration in choosing an agence 
is its reputation and competence, Ensign said. Often, parti 
ular agencies are unusually strong in certain fields. ‘Pel 
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el of demonstrated ability, as well as the necessary 
acilities i in the field of study, are extremely important. 

Visit the laboratories, Ensign said, and form your own 
mpression of their efficiency and competence to undertake 
he study. If possible meet with the man or men who could 
ye assigned to your problem. You may also want to check 
vith some of the older sponsors of work in the laboratory. 
tive considerable weight to the location of the facility. 
“lose liaison between your home staff and the working 
rroup cannot be over-emphasized. 

Elgin assigns the project to one man in the home labora- 
ory. This man is neither the Vice President of something, 
ior is he the director of research. Rather he is the Research 
@ngineer on the home staff best qualified to direct this 
sroject, and it becomes his project. By handling a project 
n this manner Elgin feels it gains several advantages. 
first, any opposition from the research staff is overcome 
n advance; they might otherwise entertain a feeling that 
he company lacks confidence in their ability. Second, the 
sroadening experience gained by staff members in direct- 
ng the work is invaluable. And third, it saves wear and tear 
mn the director of research. 


Budget and Control of Project Costs 

How are project costs budgeted and controlled? Accord- 
ing to Ensign, “You will find that there is no problem of 
sost control unless you create it. The laboratory will dis- 
cuss with you in advance the rate of expenditure that they 
suggest. The final figure worked out becomes law the mo- 
ment you authorize expenditures to start. I know of no 
istance in which an outside facility has deviated from 
the budget without prior approval from the sponsor. We 
have found it actually easier to control project costs of 
outside work than to control cost on our own projects.’ 


Measurement of Research Results 

According to Semi J. Begun, 
Director of Marketing for the 
Clevite Corp., the measure- 
ment of research results can 
be related to the type of or- 
ganization which undertakes 
this kind of work. Four 
groups may be considered. 
First, the U. S. Government 
which through its laboratories 
and through sponsorship in 
other organizations promotes 
the research concept. The sec- 
ond group consists of the uni- 
versities which have been for centuries protagonists of fun- 
damental research. Third, there are a number of nonprofit 
and also profit-making institutions. The former do research 
w work either under endowment or under contract, while the 
itter primarily do contract work. Finally, there are the 
esearch and development departments of manufacturing 
organizations in industry. 
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overnment Research 

Most of the government research efforts are aimed at 
a Iding up the country’s defense potential, said Begun. 
a e e is “as any need to justify the necessity for these 


any government research activity. No nation, however 
wealthy, can afford to allocate all of its resources to the 
development, design, and the building of weapons and de- 
fensive devices. If the fullest value is to be obtained from 
research, therefore, the skill with which the nation, and for 
that matter any commercial organization, selects its re- 
search projects is vitally important and making the proper 
choice calls for excellent judgment. 


University Research 

The research done in universities is primarily of a funda- 
mental nature. Since it is the ambition of any university to 
establish a prestige position for their faculty members 
engaged in research, one yardstick for measuring results 
is the degree of recognition given to their accomplishments 
by other professional men working in the same fields. 
Usually, the research efforts of a university are also closely 
associated with a desire to teach the student how to develop 
the best scientific approach. Hence, another measure of a 
university’s research endeavors is the technical competence 
of the young scientists it graduates. 


Research Institutions 

In discussing research institutions, Begun excluded those 
research efforts which are sponsored by a government body 
or through public funds. The remaining activities are then 
likely to have the same objective as those of business con- 
cerns engaged in R & D for profit. However, the results of 
their work can frequently be measured by a somewhat 
different yardstick. Since the services of these institutions 
are similar to those rendered by other professionals such 
as accountants, attorneys, or physicians, the degree of their 
clients’ satisfaction is a reasonable basis of evaluation. As 
for the fee paid, a business concern may subsequently relate 
this to its operations in the same way that it would relate 
funds for projects carried out by its own R & D activity. 


Research in Industry 

When considering research activities as an integral part 
of a business enterprise, Begun said, we now find ourselves 
in an area where quantitative yardsticks must be applied as 
they are to all other phases of the business. Research must 
be correlated, therefore, with business profits. 

The expenditures for research will vary, depending upon 
the activity of a commercial organization. It is interesting 
to examine the R & D budgets of some organizations where 
such information has been made available. The average 
R & D expenditure for all manufacturing industries is 
believed to be between 2.0 and 2.5 percent of gross sales. 
General Electric reports that their 1955 R & D expenditures 


’ were over three times the average for manufacturing indus- 


tries. This would indicate three to four percent of sales for . 
research and development. ; 

Bendix Aviation reported an estimated R & D expendi- 
ture in 1955 of about ten percent of sales or nearly five 
percent for research. International Business Machines re- 
ports they are currently spending about four percent of 
sales on research. 

In discussing the results of a research group as an inte- 
gral part of a commercial concern, Begun strongly empha- 
sized one very essential point. Even the best conceived and 
executed research program is only one of the many factors 
contributing to the success of a business. The capability of 
the manufacturing organization, the quality of the market- 
ing effort, and the ability of the company management to 
coordinate and direct all play a vital part in producing a 
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profit. Because of the interrelation between all of these 
functions, it becomes almost impossible to express the value 
of research by means of any simple formula. 


Importance of Management Guidance 

In Begun’s opinion, the importance of obtaining proper 
guidance from company management ranks about highest 
on the list for making the services of a research group of 
real value. It is true, of course, that the R & D organization 
must be staffed with capable personnel and must possess all 
of the facilities required in this advanced technological age 
to perform its function successfully, but this alone is not 
enough. The company management must define the areas of 
work in terms of how well they may fit into the manu- 
facturing and marketing organization of the company. 
When areas are defined which do not fit the existing manu- 
facturing and marketing organizations, management must 
be prepared to furnish the necessary facilities for com- 
mercially exploiting the research accomplishments. In addi- 
tion, management should be most careful to avoid sanction- 
ing research work in fields which they do not wish to 
exploit commercially, nor should work be sponsored which 
the company lacks the financial resources to exploit. While 
these may appear to be rather obvious rules, nevertheless 
they are broken every day. 

In performing the guidance function, company manage- 
ment must also consider the risk element basic in research. 
This element is present in any search for the unknown. A 
company should not place its bets on specific aspects of 
research since it must recognize that some of the projects 
will not turn out as well as was originally expected and that 
others will fail completely. Something that looks good in 
theory may fail through lack of a material with characteris- 
tics which are essential for success. Some device may work 
perfectly in the laboratory but may not work at all under 
conditions of commercial production. 


Two Main Goals of Research 

Begun said that the research activity of a concern in 
business for a profit has two main objectives, namely, to 
protect the competitive position of the organization in a 
world of technological progress and to be an instrument of 
planned corporate growth. In the first, efforts are directed 
primarily to improving existing products, customarily a 
gradual process in mass-produced articles. These days, no 
manufacturer in a competitive business can afford to be 
behind with regard to the performance characteristics of 
his products. Even with the most effective marketing 
efforts, ground will eventually be lost if these are not 
constantly improved. The effectiveness of R & D activities 
aimed at protecting the competitive position through im- 
provements to existing products may, perhaps, be measured 
in two ways. First, by the degree to which dollar profit 
levels are maintained, and then, by the ratio of R & D costs 
to the total amount of profit. 


The Record of Profitable Research at Bell 

Mervin J. Kelly, president of Bell Telephone Laboratories, 
traced the record of profitable research in his organization 
during one of the conference sessions. Considering the fact 
that Bell Labs is one of this country’s most ardent devotees 
of “pure” research, Kelly’s definition of research and de- 
velopment is illuminating: “Research and development is 


26 


“a 
bs | 


the operation through which the coupling of science and 
engineering provides the knowledge for the design of tools 
that enrich the lives of all men.” By: 

No one can argue that Bell Labs has not contributed a 
full measure to the general welfare and prosperity of the 
U. S. It performs research in the physical sciences in al! 
areas that might be expected to provide new knowledge for 
communications technology. While telephony is the princi- 
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pal service provided, many others have been supplied in 
recent years including radio and television program distri- 
bution and record and data transmission. Since 1938 Bell 
Labs has also worked on research and development of 
communications and weapons systems for the military. 

What do these research and development efforts mean 
in terms of Bell’s vast consuming public and the company’s 
profit picture? With regard to the first, telephony has 
become global. Today any one of the nation’s 54 million 
telephone subscribers can reach not only every other sub- 
scriber, but also more than 93 percent of the 38 million 
telephones of the rest of the world. Other by-products of 
research include improvement in the quality and natural- 
ness of the transmitted speech. 

That the Bell Telephone System has profited mightily 
from these researches is known to even the most disin- 
terested observer of the stock market. Kelly says that the 
sales volume of the electronics industry in 1955, only a half 
century after its birth, was some $11 billion. ‘Profitable 
research in many of the nation’s laboratories, along with 
that of our own laboratories’, he declared, “‘has created 
this huge industry’’. 


Station Set Research 

Kelly pointed out that station set research (research on 
the transmitting and receiving instrument) has been one of 
the most important areas of research for Bell. Station set 
research has helped to lower the cost of components and 
their assembly into the set and to improve them function- 
ally as well. The economic gains from this research are well 
illustrated by the price history of these sets. The improved 
sets now in production cost less than the sets of 1938, even 
though materials and labor costs have risen some 80 per- 
cent. In the past 25 years Bell has poured $50 million into 
station set research, with impressive economic gains. 3 

The Bell record of profitable research is truly amazing. 
Is the company satisfied with the record to date? According 
to Kelly, research in progress since the close of the war ; 
opening up a completely new area of telephone technology. 
The new technology will result in major economies; presen 
telephone service will enjoy a new cycle of lower costs. — 

Bell, of course, is one of the nation’s outstanding a 
amples of research applied to improve and expand servi 
lower costs, and enhance profits. But many hundreds 
less well-known concerns in every field have applied the 
same research philosophies to their own operations with 
profitable results. 
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B«A Meets All of Industry’s Needs 


Over 75 Inorganic Fluorides Available! As America’s foremost producer of inorganic fluo- 
Including Elemental Fluorine rine compounds, Baker & Adamson offers industry 
Hydrofluoric Acid over seventy-five important products. They range 
Fluosulfonic Acid from Elemental Fluorine, the most reactive of all 
Acid Fluorides chemicals... to the easily handled, inert gaseous 
Alkali Fluoborates dielectric, Sulfur Hexafluoride. (SFs6). And “in 
Aikali Fluorides between” are a host of other fluorine derivatives 


Boron Fluoride, serving many industrial fields. 
gas and complexes - 4 
Double Fluorides Long the pacesetter in fluorine research and devel- 


Metal Fluorides opment, Baker & Adamson has pioneered in help- 
Nonmetallic Fluorides ing industry make ever-increasing application of 
Metal Fluoborate these useful tools that have such widely varying 
4 plating eidtns properties. Let us help you, too! For further infor- 
alogen Fluorides mation on inorganic fluorides of interest to you, 


Still other inorganic fluorides are write any B if 
made by B&A on a laboratory scale phone ws te y &A office 
for experimental use, or are under 
investigation as commercial chemi- 
cals or as custom-made specialties. 


GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 
Offices: Albany* * Atlanta * Baltimore* * Birmingham* ¢ Boston* * Bridgeport* * Buffalo* 
Charlotte* « Chicago* * Cleveland* * Denver* ¢ Detroit* * Houston* * Jacksonville * Kalamazoo 
Los Angeles* * Milwaukee * Minneapolis « New York* ¢ Philadelphia* ¢ Pittsburgh* * Providence*® 
St. Louis* « San Francisco* * Seattle * Kennewick* and Yakima (Wash.) 
In Canada: The Nichols Chemical Company, Limited * Montreal* * Toronto* * Vancouver* 


*Complete stocks carried here. 


FOR MORE INFORMATION CIRCLE 19 ON PAGE 48 
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ROCKET THRUST MEASURED 

BY GIANT TRANSDUCER 

Most of the emphasis today is on miniaturiza- 
tion, but recently Baldwin-Lima-Hamilton en- 
gineers were called on to design their largest 
“SR-4” type load cell. To mieasure the thrust 
of a rocket engine, the transducer is being cali- 
brated to take 250,000 lb in either compression 
or tension. A 200% overload can be applied 
without danger of mechanical failure. The 
transducer is 22” high with a 12” OD. 
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STRETCHING STRATEGIC QUARTZ 


BY SOUND SLICING 
This technician is examining a quartz crystal from 
which 21 frequency-determining wafers are being cut 
at once by a Raytheon ultrasonic slicer. At right is a 
crystal partially cut by a conventional diamond saw. 
Since the “sound slicer’ cuts 12mil wafers much 
closer together than the 33mil wafers sliced by the 
usual means, about three times as many wafers can 
be cut from a quartz crystal. Engineers at the Signal 
Corps’ Fort Monmouth Engineering Lab developed 
the technique to stretch our supplies of strategic 
quartz, now mainly imported from Brazil. About 50 
wafers are used in a handy-talkie, for example. 


PLASTIC SPRINGS CAN BE MASS-PRODUCED 


A practical process for making plastic springs in large numbers has been developed 
by the National Bureau of Standards. With a strength-to-weight ratio that is often 
better than that of metallic springs, these glass-fiber reinforced springs are nonmag- 
netic and have low electrical and thermal conductivity. Their high corrosion resistance 
should make them useful in chemical plants. The springs are molded by drawing 
resin-soaked glass fibers through vinyl copolymer tubing and wrapping the loaded 
tubing in a helix around a mandrel, as illustrated. After curing, the tubing is removed. 
They show an increase in recoverable energy due to “work hardening”. 


NO MOVING PARTS IN AIR FILTER 

Low static pressure loss is achieved in this oil scrubbing air filter by revers- 
ing the conventional oil and air circuit. Air is drawn in under a weather 
hood set low on the unit and is directed through an air-flow regulator tube 
to an oil control pan. Here the air picks up droplets of oil which are car- 
ried up through a diffuser cone where oil and air are thoroughly mixed 
and air is scrubbed. The air then passes through the cylindrical filtration 
element where dirt particles and oil droplets are removed, permitting 
clean, oil-free air to flow to the engine, blower or compressor. No oil 
pump is required. Developed by the Air-Maze Corp., Cleveland, Ohio, the 
“UPD” filter is made in a variety of sizes. 
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Birth of a New Industry: 


Gamma Radiation Processing Facilities 


You hear more about atomic ships, planes and power 
houses than about irradiation of foods and chemi- 
cals, yet in the next few decades food preservation 
and chemical processing by powerful gamma sources 
are likely to become commonplace. If these sources 
are spent power reactor fuel elements, nuclear power 
could be reduced in cost. This important tie-in is ex- 
plained here as a significant element in the design 
of irradiation facilities. 


L. E. Brownell, and J. V. Nehemias 


Last summer Dr. Brownell spoke at the Geneva 
“Atoms-for-Peace” conference. Professor of 
Chemical Engineering at the University of Mich- 
igan, he has also been Supervisor of the Fission 
Products Laboratory there since ‘51. He designed 
bread-machinery for Baker Perkins, Inc., for a 
number of years. Assistant Supervisor and Health 
Physicist at the Laboratory since ‘51, Mr. 
Nehemias was associated with Brookhaven Na- 
tional Laboratory from ‘49 fo ‘51. He is also a 
lecturer in Chemical and Metallurgical Engineer- 
ing at the University. 


Some earlier publications by other authors involved com- 
parisons of the advantages and disadvantages of gamma 
radiation from radioisotopic sources with high-speed elec- 
trons from accelerator machines. Unfortunately these earlier 
studies were based on designs and arrangements of the 
gamma sources that resulted in unfavorable conditions 
for gamma sources when compared to machine accelerators. 
Gamma sources have certain advantages and certain dis- 
advantages when compared to accelerator machines. The 
advantages cannot be properly realized unless the gamma 
radiation sources’ are properly designed so as to give effi- 
cient and uniform radiation doses throughout the product 
being irradiated either by batch or by continuous process. 
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Thirty years ago, when the family refrigerator first cam 
into wide use, the eating habits of millions of Americar 
were virtually revolutionized and a new industry we 
created. Now we may be on the threshold of another sta: 
tling revolution in food preservation. For with the comin 
of irradiation to delay food spoilage, meats and vegetable 
will keep for much longer periods under refrigeration an¢ 
when completely sterilized, without refrigeration. In add: 
tion, vitamin content will be enhanced. 

This millennium in food preservation has not yet reache 
the practicable stage, for several reasons. For one thing 
some radio sterilized foods presently taste, smell or loo 
terrible. For another, a doubtful public must be educate 
to accept nuclear treatment of the food they eat. In add 
tion, the present supply of radioactive materials is limitec 
although the future supply may be very great. 

Notwithstanding these drawbacks, many products wi 
doubtless be treated with gamma radiation in the fore 
seeable future. Of perhaps equal importance to our econom 
will be nuclear irradiation for aiding in the processing ¢ 
presently known chemicals or to make new chemicals an 
plastics with unusual properties. 

The design and manufacture of radiation facilities wi 
become a multi-million dollar industry. As an early contr: 
bution to the new art of designing these facilities, thi 
article discusses some design considerations and the cos 
factors used in selected gamma sources. 


Possible Gamma Sources 

Today only a limited quantity of gamma-emitting radic 
isotopes are available, such as cobalt-60 and cesium-13' 
which might be used for the commercial irradiation of cher 
icals and food. These radioisotopes are quite expensive 4 
present, even when purchased in large quantities. The um 
costs for large quantities range from a low of about tw 
dollars per curie for low specific-activity cobalt-60 to abou 
10 dollars per curie for refined cesium-137. These prices ar 
so high that processing with gamma radiation using suc 
sources would be limited to a few applications. : 

Great quantities of waste fission products are stored b 
the Atomic Energy Commission. However, these waste 
are stored as dilute solutions and are usually mixed wit 
chemical-processing wastes, which further dilutes the fi 
sion products. It is impractical to consider using thes 
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ig. 1. Cutaway view of a gamma-radiation installation for processing prepackaged meat 


faterials until they are processed. Such processing would 
nvolve concentration and possible separation of the fission 
oducts and suitable packaging, probably in the anhy- 
rous state. Such a processing plant would involve the ex- 
enditure of a number of “megabucks” and probably could 
lot be justified until some irradiation pilot plants have 
een proven, using other sources of radiation. Eventually 
nass-refined cesium-137 should be available in the range 
f from 30 cents to one dollar per curie, and concentrated 
ross fission products containing cesium-137 at a lesser cost. 
The only high-level gamma sources that will be available 
m large quantities in the near future at a reasonable cost 
are the cooling reactor fuel elements from the heteroge- 

Ous reactors and the reactor slugs from production reac- 


possible for nuclear power plants to compete economi- 
ly with conventional plants and thus hasten the avail- 


atment of spent reactor fuel elements and reactor slugs 
toring the elements or slugs under water for several 
ths before processing. During this time the intense 
n of the fuel elements is dissipated in the water 


Rental incomes from spent fuel elements might make ~ 


used as a shield and usually is wasted, except when used 
in experiments. The costs of this storage period could be 
defrayed and a profit recovered by using the cooling ele- 
ments or sources of radiation in commercial irradiation 
facilities. Cooling reactor fuel elements have a very high 
gamma activity but decay rapidly. To maintain the produc- 
tion of such a facility at an economic level of operation, 
the fuel elements would be replaced frequently. 


Renting Spent Fuel Elements 

In some of the earlier feasibility studies a rental charge 
of $250 per month was assumed for fuel elements. These 
studies show that such charges were feasible and in many 
cases the rental charge might be increased 100% or more 
without seriously increasing the unit cost for irradiation. 
Thus, the rental of cooling reactor fuel elements could pro- 
vide a valuable by-product source of income which might 
be sufficient to render it possible for nuclear power to 
compete with power from fossil fuel. For example, a nu- 
clear-power reactor might be able to maintain 400 fuel 
elements (cooling or spent) on rental during the year. A 
single food-irradiation facility might use 20 such elements: 
thus one power reactor might supply 20 such installations. 
If a rental charge of $250 per month per element were 
made, a by-product income in the range of $1,000,000 per 
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year might be realized for each reactor. 
From the standpoint of by-product gamma 
irradiation, complete “burnup” of the fuel 
element would be desirable, as this would 
remove the inventory costs in a partially 
“burned” fuel element. If burnup were 
complete or nearly complete and breeding 
were not involved, processing of the fuel 
element might be completely eliminated. 
The spent fuel elements could then be used 
as sources of gamma irradiation until de- 
cay had reached such a point that they 
were no longer useful. At this point the 
fuel elements could be either put into stor- 
age or reprocessed to separate and concen- 
trate the remaining radioactive wastes. 
To summarize, in the years to come it 
is anticipated that there will be a number 
of competitive types of gamma source avail- 
able for radiation processing and that these 
sources might be any of the following: 


® Completely spent or nearly completely 
spent fuel elements. 


® Fuel elements with partial burnup avail- 
able between the time of removal from 
the reactor and processing for recovery 
of fissionable materials. 


@® Separated cesium-137 prepared from 
existing stored waste fission products or 
produced as a by-product from homo- 
geneous reactors or from the processing 
of fuel elements and reactor slugs. 


@ Mixed gross fission products sufficiently 
concentrated from processing wastes to be 
valuable as a radiation source. 


®@ Cobalt-60 or other suitable gamma emit- 
ters produced in production reactors. 


Relative Value of Possible Sources 


If processed concentrated fission prod- 
ucts are used as a source of radiation, their 
cost might be determined in large part by 
the cost of concentrating and packaging. 
However, such information is not avail- 
able because large quantities of the mixed 


Fig. 2. A high-intensity irradiation source used 
for batch processing. The 50 cobalt rods ar- 
ranged in two rows are jacketed in and sup- 
ported by aluminum. 
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Fig. 3. Section of a typical isodose surface generated by a finite plaque source of uniformly co 


centrated activity. 


fission products have not as yet been con- 
centrated and a cost estimate for the pro- 
cessing, to be reliable, would require a 
rather thorough design of the process be- 
ing considered. As there are many different 
types of fission-product wastes and many 
different types of processes that may be 
used in preparing these materials for in- 
dustrial use, no direct approach to this 
cost estimate will be attempted. Another 
approach to the estimate of the value of 
mixed fission products might be made on 
the basis of the comparative value of such 
radioactive materials and cesium-137. Two- 
year-old fission products have gamma 
activity primarily from cesium-barium-137 
and from cerium-praseodymium-144, The 
cerium-144 present in two-year-old mixed 
fission products has 7144 times the activity 
of cesium-137 but has a half-life of only 
290 days as compared to 33 years for the 
cesium. 

The relative value of gamma _ sources 
having different half-lives might be ex- 
pressed in terms of some function of the 
ratio of the half lives. The nature of this 
function will be discussed briefly with re- 
gard to: total dose delivered, replacement 
time, average source strength, and relative 
cost proportional to half-lives. 

It can be shown that radiation value can 
be considered to be approximately propor- 


tionate to half-life based on total dose 


delivered. In analyzing further the relative 


values of isotopes having different hal: 
lives in regard to replacement costs, it cal 
be shown, that the number of curies ré 
quired at each replacement will be tk 
same, independent of half-life. Thus, tk 
total number of curies required to mair 
tain operation at a given rate for a cor 
siderable period of time would be inverse 
proportional to half-life. 

By accepting the relative value of gamm 
sources having different values of hal 
life expressed in terms of linear ratic 
of the half-life values, cerium-144 migk 
be considered to have 290/365x33 or abou. 
2.4% of the dollar value of cesium-137 a 
a gamma source over a long-term bases 
Similarly, cesium-137 would have 33/5 
or 6 times the value of cobalt-60. Thes 
ratios are based on the supposition the 
the radiation facility would be operate 
for a sufficiently long time to take ac 
vantage of the longer half-life of cesium 
137 as compared to cerium-144 or cobalt-6( 
However, if the facility is to be depreciate: 
in five years or less, the ratio of the relz 
tive values will approach unity. Thus, fo 
a very short irradiation program all radic 
isotopes having the same energy would 
of equal value. 


Feasibility Studies 


A variety of applications of gamma rad 
ation to industrial processes and to medi 
cine have been considered in severa 
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feasibility studies prepared by personnel 
of the Fission Products Laboratory at the 
University of Michigan. The purpose of 
these feasibility studies has been twofold. 
First, was the demonstration of some of 
the applications of gamma radiation con- 
sidered technically feasible and the type 
of radiation facilities possibly involved; 
secondly, was the presentation of the meth- 
ods of design which might be used to take 
better advantage of the unique properties 
of gamma radiation sources. 


Radiopasteurizing Meat 

The first of this series of studies was 
made of a gamma-irradiation facility de- 
Signed to irradiate whole, slaughtered hogs 
to control trichinosis. The second study was 
or an irradiation facility, shown in Fig. 1, 
lesigned to “radiopasteurize” prepackaged 
fresh meat so as to permit cutting and 
repackaging of unfrozen meat at the 
acking houses rather than at retail stores. 
‘he feasibility of this method depends on 
he extension of the refrigerator shelf-life 
f fresh meat by radiopasteurization. Re- 
ent trends in retailing meats and the 
omics of meat processing suggest the 
rability of prepackaging. 

hree design studies were presented for 
amma-irradiation facilities to process 
atoes in bulk with a radio-subpasteuriz- 
e for sprout inhibition. Northern 
toes are available only about 
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Fig. 4. Section of a typical isodose surface generated by a semi-infinite strip plaque of uniformly 


eight or nine months of the year because if 
stored for longer periods sprouting occurs 
followed by rapid deterioration. Tests with 


irradiated potatoes have demonstrated that 


irradiated mature northern “potatoes can 
be kept in refrigerated storage from one 
year until the next, thereby making desir- 
able types of mature potatoes available the 
year around. 

In another study a preliminary design 
was presented for an irradiation facility 
for treating 100-pound bags of grain, flour 
or meal for control of insect infestation. 
Insect infestation results in a tremendous 
loss of stored grain, flour, meal and cereal 
products estimated at $300,000,000 annual- 
ly. Studies at Michigan State University 
on typical insects which infest cereals in- 
dicated that a 10,000-rep dose of ionizing 
radiation was sufficient to sterilize the 
eggs and prevent adult insects from re- 
producing. 

A “new” process of food preservation 
has been given limited study and appears 
very promising as a means of increasing 
the refrigerator storage life of a number 
of perishable foods. In this process, foods 
such as meats and vegetables are precooked 
or blanched, respectively, then packaged in 
retail-sized portions in 2-mil polyethylene 
bags, heat sealed and given a one-megarep 
dose of gamma radiation. This radiation 
dose is not sufficient to sterilize completely 


but is sufficient to reduce the number of 


vegetative organisms, molds and yeasts 
that cause rapid spoilage even under re- 
frigeration. 

In addition to these studies of gamma- 
irradiation facilities for the commercial 
processing of food, studies also have been 
made of irradiation facilities to promote 
chemical reactions, to sterilize bulk medi- 
cal supplies, and to sterilize bone-bank 
bone, other homograft material, and mis- 
cellaneous surgical and hospital items. 


Radiation as Chemical Catalyst 


A limited number of chemical reactions 
of commercial interest are known to be 
promoted by gamma radiation. Among 
these the chlorination of benzene and 
toluene and the polymerization of mon- 
omers such as ethylene are most promising. 

The chlorination of benzene in the 
presence of gamma radiation was con- 
sidered in one of the feasibility studies. 
This reaction is a chemical chain reaction 
and requires only a small gamma source. 
The product is benzene hexachloride which 
is a valuable insecticide. Preliminary feasi- 
bility studies indicate that gamma radia- 
tion can compete with the present use of 
ultra violet radiation to promote the re- 
action profitably. 

As pure hydrocarbons do not become 
lastingly radioactive as a result of neutron 
bombardment, reactor cores might be used 
as sources of radiation. Certain reactors 
might use an organic fluid as a coolant. 
This fluid or organics dissolved in this 
fluid might undergo chemical change as a 
result of irradiation in the reactor so as_ 
to produce a valuable chemical by-product 
while performing the cooling function. 
Heat for power or process heat could be 
removed from the fluid as well as the 
chemical by-products. The latter might be 
removed by centrifugation or distillation. 
Although such applications may prove 
feasible, only limited studies have been 
made in this field. These possible oppor- 
tunities remain to be explored. 


Selecting Geometry of the Source 


A point gamma source has a radiation 
field in which the isodose surfaces are 
spherical shells. If the radiation is to be 
absorbed uniformly, the absorber must also 
be spherical. It is very difficult to arrange 
a conveying system in which any absorber 
would be conveyed so as to produce a 
pattern of a spherical shell. Thus the 
problems of geometry are very difficult 
with a point source. There is one excep- 
tion, the case of a fluid used as the ab- 
sorber. If a fluid such as a beverage prod- 
uct were irradiated in the bulk state, a 
point source with successive spherical shells 
through which the fluid passed would be 
a reasonable design. Obviously, the single 
point source has very limited possibilities 
for use in the irradiation of commercial 
products. 

A rod source has some advantages over 
a point source, but has the disadvantage 
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that symmetry is lost for a rod of finite 
length. The absorber should be cylindrical, 
which is more feasible from the standpoint 
of mechanical conveying than is the spheri- 
cal shell. Grain might be allowed to flow 
through an annulus surrounding a rod 
source using gravity feed. Other items that 
cannot be easily moved by gravity might be 
conveyed by means of a helical screw in the 
annulus. A single rod source is almost as 
limited as a point source for use in the 
irradiation of commercial products. How- 
ever, a group of rod sources may be ar- 
ranged as a plaque source or annular 
cylindrical source to great advantage. 

An annular cylindrical source has essen- 
tially the same characteristics as a rod 
source with regard to the radiation field 
surrounding the source. If the temperature 
rise as a result of self-absorption of radia- 
tion (particularly betas) within a rod 
source becomes a problem, the annular 
cylindrical source (hollow rod) can be used 
to advantage. The greater surface area of 
the annulus permits greater heat transfer 
away from the surface. Also, the decrease 
in source thickness results in a smaller 
temperature gradient across the source. 

The annular cylindrical source, as shown 
in Fig. 2, provides an essentially uniform 
radiation field within the cylinder and, 
therefore an absorber in this portion, will 
receive uniform dosage throughout with no 
rotation or conveying required during ir- 
radiation. Such a condition is ideal for 
batch irradiations. Most laboratory gamma 
sources are designed for batch irradiation 
and, therefore, have utilized the annular 
cylindrical source. All three of the power- 
ful gamma sources on the University of 
Michigan campus are annular cylindrical 
sources. The two larger sources consist of 
rods arranged in a circle so as to produce 
a hollow cylinder or annulus. 

If only the radiation field within the 
annulus is utilized, most of the radiation 
(from a minimum of 50% to over 90% de- 
pending upon the diameter of the annulus 
and absorber material) will be dissipated 
in the shielding. Small laboratory annular 
cylindrical sources in lead pigs are very 
convenient to use, but if no provision is 
made for utilization of the radiation out- 
side the cylinder, less than 10% of the 
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Fig. 5. Plane view showing spacing of one-half of fuel elements for irradiation facility for 


“high radiopasteurization”. 
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radiation is usefully absorbed. 

Using an annular cylindrical cobalt-60 
source formed from 386 rods, we designed 
a batch radiation facility for hospital use. 
It can sterilize bone for bone banks, arterial 
segments and cartilage for use as homo- 
grafts in surgery; other items such as 
instruments, dressings, etc.; and for possi- 
ble use as a research source. Both the 
radiation within the cylinder and a portion 
without can be utilized. 


The Plaque Source 


The most adaptable geometry from the 
standpoint of conventional conveyor sys- 
tems is that of a plaque source. However, 
if irradiation is to be absorbed uniformly, 
the plaque must either be of infinite length 
or else the activity of the source must be 
distributed so as to produce an uniform 
radiation field over a finite length along 
an axis parallel to an axis of the plaque. 
Tsodose surfaces generated by different 
plaque sources are shown in Figs. 3 & 4. 

By proper spacing of the activity in the 
strip, the isodose surface shown in Fig. 4 
can be simulated. One procedure which 
may be employed is that of using fuel 
elements or tubes containing radioisotopes 
arranged in a plane and parallel to each 
other but with nonuniform spacing if each 
rod or element has uniform activity. For 
the case of uniform activity, the arrange- 
ment shown in Fig. 5 was developed and 
it shows the ends of 10 source rods that 
constitute one-half of an “equivalent 
plaque’. The nonuniform spacing of the 
rods was determined by trial and error. 
The smaller pitch near the end is used to 
produce a more uniform radiation ‘field 
at the extremities of the plaque included 
in the plane of the source. 

For the design of a “high-radiopasteur- 
ization facility” using the fuel-element 
spacing shown in Fig. 5, food was to be 
transported to the chamber on a conveyor 
in a number of vertical passes. Therefore, 
it was decided to establish a uniform radia- 
tion field in a horizontal direction. Thus, 
although the food is conveyed to a varying 
radiation field in a vertical direction, the 
uniform horizontal field assures that the 
food on the ends of the conveyor receive 
the same dose as the food located in the 


law. Thus, in order to secure a minimu 


middle of the conveyor, if the lateral axis: 
of the conveyor is a fixed distance from 
the lateral axis of the source plaque. 

A basic principle in the design of any 
gamma facility utilizing a non-uniform 
gamma radiation field is placing the ab- 
sorber at a sufficient distance from the 
source to reduce the great variations in 
the radiation field resulting from the in- 
verse square relationship. Thus, it is an 
error to place the absorber close to the 
source so as to take advantage of the higher 
radiation field. A given thickness of 
given absorber will absorb a given per- 
centage of the radiation striking it, regard- 
less of the intensity. Therefore, the same 
portion of the total radiation will be ab- 
sorbed at a distance from the source as 
close to the source, providing the same 
absorber material and absorber thickness 
are used and the absorber covers the same 
solid angle. Of course, moving the absorbe 
away from the source requires a greate 
volume of absorber in the radiation cham- 
ber and a larger “hold-up” time in the 
chamber. A good design requires some 
compromises based on engineering judg- 
ment. The radiation capacity is optimized 
by placing the absorber an appropriat 
distance from the source. Consider an 
absorber placed close to a gamma ‘source. 
The radiation field is higher near the 
source but it is also changing very rapidly. 
with distance because of the inverse square 


desired radiation dose in the center of the 
absorber, an appreciable overdose must be 
tolerated on and near the surface when 
the absorber is too close to the source. 
This overdose represents wasted radiation 
absorption which not only fails to serve’ 
a useful purpose but may result in unde- 
sirable effects induced by overdosage. On 
the other hand, placing the absorber away’ 
from the source results in a much more 
efficient use of the radiation that is ab- 
sorbed and as the same fraction of the 
total radiation can be absorbed, the total 
capacity increases. 

Another fundamental principle in the 
design of such facilities is the irradiation 
of the absorber from both sides so as to’ 
increase the uniformity of dosage. The 
irradiation from either side need not oc- 
cur simultaneously and usually is more 
conveniently performed in series when 
using a conveyor system. Fig. 1 demon- 
strates one of the methods considered. 


For the Future 


In the future commercial gamma radia- 
tion may have as dramatic an effect on 
the nation’s economy as is predicted a 
nuclear power. Technical management must 
be prepared for this change by training 
the designers of the facilities and alerting 


- the engineers who will be concerned with 


the processes. The job of integrating this 
new engineering tool into our industry is 
a challenge for the entire technical com- 
munity. t EN 
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Punched Cards for Control 


Only 2% of the time of your firm’s 


accounting machine set-up 


quired weekly by this system to tell 
how much each R & D project is cost- 
ing and if it is on schedule. The re- 
sults help in estimating costs and 
duration for new projects, and facil- 


itates decision-making. 


Gerson Friedman and Isaiah Eisen 


_ When several hundred design and de- 
velopment projects are in progress at the 
same time, it is impossible for technical 
management to quickly summarize the 
Status of all the jobs. Here we tell how 
the Burndy Engineering Company, Inc., 
of Norwalk, Conn., utilizes only two per- 
ent of the time of its 30-man tabulating 
00m plus one intelligent young lady to 
rovide management with compact weekly 
ummaries of the time and cost status of 
ach R & D project. At a glance, the Chief 
u gineer can tell if a project is on schedule, 
vV much money has been spent on it, and 
Which projects were completed or started 
n the past week. In addition the punched- 
d tabulating machines can be used to 
vide a number of comparisons with past 
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firms either larger or smaller than Burndy. 
A manufacturer of electrical connectors, 
Burndy has 1400 employees. 


Outgrowth of a Manual System 


The present mechanized control system 
is based on a manual control that grew up 
over a number of years. Each project was 
recorded separately under the former sys- 
tem. The.tabulating room had been in 


operation for two years when the new 


system was put in effect in September, 
1954. All employees covered by the system 
were given careful indoctrination before 
it was put into effect. For the firm’s 150 
engineers and technicians, the new system 
only meant a change in the way they kept 
their records, although they had to account 
for time more carefully. Some mild objec- 
tions were voiced by engineers who felt 


they were being burdened with more paper 
work. Management accepted the system 
quickly; the authors didn’t have to fight 
for acceptance. In a few months the system 
had shaken down and was operating smooth- 
ly in both personnel and machine aspects. 
Since September 1954, a few changes and 
improvements have been made, but there 
is no question that everyone has now ac- 
cepted the system and respects it. No major 
changes are expected. 


What the System Offers 

@® The first and most important weekly 
report prepared is the “Status of All 
Work’. Each engineering section super- 
visor receives a copy listing about 150 
projects—the current load. 

e@ A second weekly report prepared is the 
“Backlog and Schedule Report”. Here each 
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of the items of work in each section are 
listed section by section in sequence of 
promised completion dates, with the earliest 
date first. 


@ The third report is the “New Projects 
and Completions”, which lists the seven to 
ten completions and new assignments for 
the past week. 


Cost is indicated in the weekly reports 
only in man hours expended. In preparing 
the monthly reports, the time figures are 
converted by the IBM 607 calculator into 
dollars. The conversion is based on a 
weighted dollar rate per hour set for each 
engineering section by the accounting de- 
partment. This “loaded” rate includes over- 
head for the Engineering Department. 


@ The first monthly report is called the 
“Product Class Hour and Dollar Monthly 
Report”. It shows hour and dollar cost 
figures in product class sequence. 

@ The “Section Hour and Dollar, Monthly 
Report” is distributed to section heads to 
tell how time was spent on projects in their 
respective groups. 

Other control summaries can be pro- 
duced and some are under consideration. 
An example is a “Redesign Summary”. It 
would compare the cost of redesigning a 
product or process with the initial design 
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cost. If redesign costs were high in com- 
parison, this might indicate that an entire 
class of products was poorly designed. 


How the System Works 


The system starts with the “Work 
Order”, which initiates a design project. 
In the tabulating room, a punched-card 
operator produces two punched cards for 
that project. All of the parts of the ‘‘title” 
and “detail’’ punched cards are sent to the 
administrative aide. This young lady works 
in the main without requiring much super- 
vision from one of the authors. She is part 
of the “Administrative Section’ of the 
Engineering Department. The system also 
accounts for supplementary services such 
as drafting, sample-making and testing. 

At the end of each week, each engineer 
and technician fills out a mimeographed 
weekly “Time Sheet” indicating how many 
hours were devoted to each project. All 
time sheets are sent to the administrative 
aide. She manually marks with an electro- 
conductive lead on each project “detail” 
card the hours devoted by each engineer 
and the code number. The detail cards are 
then sent back to the tab room where the 
machines total the hours and punch them 


into new detail cards. Detail cards from. 


the previous week are filed for reference 
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The first and most important weekly report is the “Status of All Work’ above. 


for a short time. 

Tab-room personnel can now run the 
ecards through the machines in differe: 
ways to produce the weekly and month 
summary reports in original and as may 
duplicates as are required for internal di 
tribution. 

Standard IBM forms are used for t 
summaries. A stock punched card wi 
over-printing has been used to date, b 
specially designed cards are to be intr 
duced shortly. 

Most of the work of the administrati 
aide is repetitious but intelligence ar 
discretion are called for since unpredic 
able elements sometimes appear. It to 
only a few months to train this young lac 
A total of 50 hours per month of calcul 
ing machine and operator time is requir 
for the system. 


What Can Be Done 
With the Reports? 


The main value of the Backlog & Sche 
ule reports is an aid to the supervisor 
manager in expediting. Working from t 
top of the list down, the manager or sup¢ 
visor assists in breaking bottlenecks, kee 
the work of his group up to date and mc 
ing. At the same time, items which canr 
be rushed for good reason are clearly sho 


a 
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nd can be carefully watched. 5 

“New Projects & Completions” report 
erves aS a news release to Sales, Adver- 
ising, Manufacturing, Top Management, 
nd Branch Plant Executives to keep them 
aformed of the nature of work under- 
aken and completed by Engineering. Ir 
he case of new project work, this serves 
s a means to trigger questions on how the 
roups may be concerned very early in the 
fe of a project. This also informs all 
oncerned of the priority of the assigned 
york and thus gives an idea of its relative 
mportance compared with other work. 

Certain copies of the report are marked 
p to show the cost of Engineering De- 
artment time spent on the completed 
rojects. These copies are distributed to 
1embers of Engineering Management for 
heir information and for background on 
xpected costs of future projects of a simi- 
ir nature. 

The “Status of All Work” indicates the 
umber of items worked, the amount of 
ime on each, and the status of items ac- 
ording to the schedule and time estimate. 
‘he latter is extremely important where 
aanufacturing orders are involved. This 
eport also gives a quick indication of work 
dad and helps to determine how much work 
group can accept. It is issued early each 
veek and reflects work status as of the 
nd of the previous week. In addition to 
ach affected engineering supervisor, copies 
f the complete report go to the Chief 
idministrative Engineer and Assistant 
yhief Engineer to give them an overall 
icture at a glance. 

“Product Class Hour & Dollar Monthly 
teport” provides Engineering Management 
vith the data for apportionment of en- 
‘ineering expense to product classes. 

By judicious use of both weekly and 
nonthly reports, excessive engineering 
osts are quickly spotted and rapid action 
y the Engineering Supervisor and En- 
‘neering Management brings the situa- 
ion under control. 


fhe System Can Be Adapted 


_ Although the system has not been copied 
y any other firm, we believe it is readily 
idaptable to almost any of the special 
roblems which a medium or large size 
ngineering organization may face. It pro- 
‘ides the means for efficiently gathering a 
reat many facts and assembling them 
nto usable form. The system for engineer- 
ag control cannot justify a company’s 

ing into the investment which tabulating 
uipment requires. However, Burndy 
lanagement was quick to realize the bene- 
its to be gained using this equipment from 

@ other company applications of it. 
The true effect of this or any other 
stem, however, still depends on the use 
le Research and Development Manager 
ikes of the facts at his disposal in con- 
log and guiding his operation. Control 
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Serving as an internal news release, the “New Projects and Completions” 
for projects. 
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Glancing down the second column from the right tells how close each project is to promised 
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completion date on this “Backlog and Schedule” report. 
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GERSON FRIEDMAN 


ISAIAH EISEN 


Starting at Burndy in 1948 as an Engineering 
Trainee, Mr. Friedman has moved up through 
the grades to his latest appointment as Senior 
Planning Engineer of one of the firm’s two di- 
visions. During this time he added a master’s in 
industrial engineering to his basic degree in E.E. 
Since joining Burndy right after World War 
II, Mr. Eisen has moved from engineering into 
finance. Formerly in charge of the firm’s labora- 
tory, he is.now Planning Coordinator report- 
ing to the Treasurer. A mechanical engineer, 
he has also received a master’s in industrial 
engineering. 
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indicates priorities 


PRODUCTION 
ORDER MO, 


Will your income 
and location allow 
you to live ina 
home like this... 
spend your leisure 
time like this 2 


I 


A Douglas engineer lives here 


They can...if you start your career 
now at Douglas! 


Take that ten year ahead look. There’s a fine career 
opportunity in the engineering field you like best waiting 


for you at Douglas. 


And what about the Douglas Aircraft Company ? It’s the 
biggest, most successful, most stable unit in one of the fastest 
growing industries in the world. It has giant military 
contracts involving some of the most exciting projects ever 


conceived ... yet its commercial business is greater than that of 


any other aviation company. 


The Douglas Company’s size and variety mean that you'll be in 
the work you like best — side by side with the men who have 

Dp ve] U & LA & engineered the finest aircraft and missiles on the American scene 
today. And you'll have every prospect that ten years from 

now you'll be where you want to be career-wise, money-wise 

and location-wise. 


For further information about opportunities with Douglas in 
Santa Monica, El Segundo and Long Beach, California divisions 
and Tulsa, Oklahoma, write today to: 


DOUGLAS AIRCRAFT COMPANY, INC. 
C. C. LaVene, 3000 Ocean Park Blvd., Santa Monica, California 


38 


MERRITT A. WILLIAMSON 


In the course on Research Administration which I give 
at the University of Pennsylvania, I have one lecture de- 
voted to the “Philosophy and Objectives of Industrial Re- 
search”. The objectives are many and may be variously 
stated but they are all practical and easy to understand. 
The philosophy, however, is not so easy to express. In 
thinking about this subject I have come to the conclusion 
that there is no one philosophy but many which depend on 
the individual, his position in the organization, his back- 
ground of education, and his training. 

If I were going to state the philosophy of industrial 
research from the point of view of the business man, who 
after all puts up the money we spend, I would have to say 
that “business is in business to make money”’. An industry 
will spend money in the present if the money will be re- 
turned with interest at a later date. In the 60 years of 
_ industrial research in this country it has been demonstrated 
that research expenditures do obtain a return. This is not 
to imply, however, that each project is successful but rather 
that the successful ones succeed so well that they pay for 
the commercial failures. These commercial failures may 
be highly successful technically and they may be responsible 
for commercially successful projects in the future. 


The Philosophies of Business 


; i There are many philosophies of business. They are not 
all incompatible, but they may be quite differently ex- 
pressed depending on the level of sophistication. It seems 
to me that business exists primarily to make a contribution 
to the enjoyment or welfare of society and that as an 
_ incidental part of fulfilling needs and desires, profits do 
accrue. In fact, the better the demands are satisfied, the 
_ greater will be the profits under our capitalistic system. 
_A business will fail if it contributes nothing. Profits may 
_ then be regarded as measures of success in fulfilling so- 
set's demand for our goods or services. 

Looked at in this way, the objective of research is 
asically to add to the enjoyment and satisfaction of life. 
f our buying public does not see a new development as pro- 
iv “viding any enrichment, it will not reward the producer by 
aking purchases. Money, under this view, enters only as 
medium of exchange and not as an ultimate objective in 


of the degree of satisfaction which the object purchased 


n enabling more people to live more fully. The market- 
ag me en know full well, however, that the demands of the 


elf. Prices expressed in money, then, are a reflection ~ 


public are very real and are a prime consideration. 


Research and the Monetary Return 


Getting back to research, we, as research and development 
managers, do not sell a research program on its uplifting 
features. We sell it on the prognosis that dollars will come 
pouring into the till as a result. Our research plans must 
therefore be so presented that the probability of monetary 
return appears to be good. The further one backs up from 
product or process improvement into the realm of basic, 
fundamental, or non-applied research, the more uncertain 
becomes the relationship between satisfactory results in a 
technical sense and profits rung up on our cash register. 

Many formulas have been developed to determine the 
probobility of commercial success. To the highly analy- 
tical, exacting physical scientist these are ungratifying. 
In these formulas there is always a factor which involves 
an appraisal of the future and this is only as good as the 
forecaster’s ability to make accurate assumptions about the 
future. To me, the result of these formulas is really only 
transforming a hunch into a quantity. If the forecaster 
has a record of success, I am just as well satisfied with 
a qualitative statement. 

However, there is a definite advantage in reduction to 
a number or a percent, and I think this should be recog- 
nized. Management expects its scientists to work in the 
realms of exactness. A “number” to the accounting and fi- 
nancial-minded executive carries with it a degree of con- 
fidence. And isn’t half our battle as research and develop- 
ment managers the establishment of ourselves in the confi- 
dence of the rest of management who are not equipped to 
assess the technical climate? If these formulas work for this 
purpose by all means let us use them, but let us be sure 
that our forecaster is the most gifted man we can locate. 
And we should not delude ourselves by the illusion of exact- 
ness which figures are apt to convey. 


Relating Profits to Job Satisfaction 

Now how do we relate the business man’s insistent 
search for dollar profits to the scientists’ and engineers’ 
satisfactions? As D. H. Voorhies wrote in his booklet, The 
Coordination of Motive, Men and Money in Industrial Re- 
search published by the Standard Oil Company of California 
in 1946, “The satisfaction of scientific curiosity is not the 
fundamental basis upon which modern industrial research 
is founded”. This is where we research and development 
managers come into the forefront to take the objectives of 
business, translate them, alter them, disguise them, and re- 
present them in such a manner that the fundamental drives 
of our people will be gratified by their conduct. At the same 
time we are carrying our organization forward in the 


direction that management wishes it to 
go for greatest profitability. 

Here we must call into play our skill 
with people. Some research men, perhaps 
many, have a burning desire to see the 
stockholders get greater dividends, or they 
want to see more profits ploughed back into 
equipment and facilities. Others crave 
recognition. They want a “thank-you”, not 
from management as a general concept, 
but from the person who pays them, evalu- 
ates their work, and represents their in- 
terests in the competition for top manage- 
ment support. Still others may want to 
gratify their curiosity; we must be sure 
that these workers become curious about 
the appropriate problems which push our 
companies ahead. Any manager readily 
recognizes what is implied by this “unity 
out of diversity”, and this challenge is no- 
where so great in business as in research, 

The strength of our capitalistic system, 
it seems to me, lies in the fact that ideal- 
istic concepts on the part of each citizen 
are not necessary; but appeal to the more 
mundane motives results in general bet- 
terment since society as a whole decides 
what it wants and rewards those who 
satisfy these wants. Where the state de- 
cides what is best, the total satisfaction 
on the part of the citizens is never and can 
never be maximized. In a planned economy, 
how can a master mind (or minds) deter- 
mine the ratio of corn to potatoes or auto- 
mobiles without access to a free market 
to determine the people’s assessment of 
what is wanted? 


Relation of R & D Costs to Profits 


In Business Week for February 25th of 
this year, it was announced that a leading 
economic consultant, Lionel D. Edie, had 
made a striking discovery: Since World 
War II the industries that have spent the 
most money on research and development 
have seen their profits grow most, while 
those that spend least on research, gained 
least. (Ed Note: See Research and De- 
velopment for Profit: Report on National 
Industrial Research Conference, page 18) 

Business Week predicts that economists 
and statisticians are certain to’ quarrel 
about the exact meaning of Edie’s report. 
It might be coincidence. It might be that 
research is an incidental aspect of growth 
rather than a cause of it. It might be that 
an astute management skilled in business 
had for some reason an unfounded pre- 
dilection for research. To those of us in 
research and development management, 
however, these figures do not come as a 
surprise, and they are certainly helpful in 
selling our managements on continued sup- 
port of research. They do not tell us, how- 
ever, what percentage of gross sales should 
be devoted to research in our particular 
situation. Nor do they tell us how to assign 
the value of research and development 
efforts in comparison with engineering’s, 
manufacturing’s and marketing’s efforts 
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leading to the sale of a commercially suc- 
cessful product. 


Some Pertinent Questions 

This month I have decided not to pre- 
sent a case but rather to pose a series of 
questions on which you are invited to re- 
spond. This issue of RESEARCH & EN- 
GINEERING may contain some of the an- 
swers but I am sure that there are many 


more. You can perform a real service to. 


your fellow research and development man- 
agers if you will send along your thoughts 
on these matters. I am most interested in 
seeing what principles of management may 
be evolved. A good manager, like a good 
boxer, should have many techniques and 
not just wade in every time with a left 
hook. Let me hear from you. 

1. Do you think that an appeal to com- 
pany profit motives is effective in motivat- 
ing research and development personnel? 
Under what conditions? What techniques 
can be used to emphasize that research 
must contribute to profits? 

2. How do you as a research and de- 
velopment manager make sure that the con- 
tribution made by your department to 
company profits is recognized? How do 
you measure it? What accounting proce- 
dure, evaluation, or formulas do you use? 
On what assumptions are the formulas 
based? Who has to concur and how do you 
obtain concurrence in their validity? 

3. Is a plan for profit-sharing sound 
when applied to an industrial research and 
development organization? What basis can 
be set for awards? Should it be a uniform 
percentage of salary or should it be based 
on contributions? How would relative con- 
tributions be determined? What levels of 
employees should participate? How would 
administrative contributions be balanced 
against technical contributions? 


Frank Davis’s Dilemma (Cont'd) 


This case (presented in the March issue) 
has elicited more comment worth report- 
ing. Johan Bjorksten of Bjorksten Re- 
search Laboratories, Madison, Wis., offers 
the following: “In order to prevent disin- 
tegration of Bill’s group, the following 
moves might be indicated: (1) When Bill 
is told about his promotion, he will be in 
a receptive mood, and this would be the 
occasion for discussing with him frankly 
his personality problem. This may help 
some, and may assist in bridging the tran- 
sition. (2) We would give Bill a capable 
secretary of good personality, with the 
specific instruction both to her and Bill 
that her function will be to handle as much 
as possible of the contacts of an admini- 
strative nature, and generally supplement 
diplomacy in personnel handling. A really 
good secretary could perhaps save the 
situation. In the event that Bill’s work 
should not warrant a full time secretary, 
she might also handle some of the work 
of the other project leaders; however, she 
should be fully aware of the reason for 


her assignment. (3) To some extent 3 
might be possible to work into Bill’s grou 
persons of easier personality.” 

Richard S. Davies of the Research D 
vision of Phileco Corp., Philadelphia, Pa 
says he would proceed as follows: “. 
would first promote Bill to the positio 
of project engineer but rather than giv 
him the project administration respons 
bility, I would give him the position ¢ 
staff consultant reporting directly to Fran) 
In this position, the responsibilities woul 
be purely technical. The project leade 
would approach Bill with technical prol 
lems and Bill would be able to to use h 
abilities to solve them. It is importan 
however, that Frank sell Bill with the ide 
that he is not being slighted by not bein 
made an administrative head but rathe 
that his technical responsibilities will f 
in so much demand that he would not hay 
time to attend to administrative work. 
would then bring in a new project e) 
gineer proved in administrative ability « 
head the project which Bill had.” 

Tom Knight of Westinghouse Appliance 
Division, Mansfield, Ohio, observes thi 
the answer to the problem “is not to J 
found in the managerial but in the physica 
Bill’s physical conditions, while possib’ 
chronic, might be improved. Frank’s co: 
cern for Bill’s ulcers and gentle insisten 
that he visit his doctor for a check mig” 
prove the answer.” 

Clarence R. Acker of Line Material Cr 
Milwaukee, Wis., looks back of the ca, 
and points out that three basic rules me 
have been violated resulting in the difficu 
situation portrayed: “(1) Lack of defir 
tion of title or position, (2) assigning 
task at the wrong level, and (3) lack © 
delegation of complete authority.” As 
solution, he too believes that much cou 
be accomplished by having Bill obtain mec 
cal treatment. “Current with his physic 
rehabilitation, Bill should be educated 
personnel relations and administration 
that he will be a well balanced supervisow 
Acker advocated that Frank take Bill asi 
and explain the entire situation to hi 
accepting the responsibility for having 
signed him technical authority but 
giving him administrative authority. 
asks, “How could Frank expect the fi 
engineers and five technicians to look up: 
Bill as their supervisor?” After this tet 
a-tete, and when Bill is physically as 
educationally fit, Frank should bring B 
and his engineers and technicians togeth 
and explain what has happened. In so ¢ 
ing not only will Bill and his men g 
started on the right foot, but the compa 
will get in solid with the men. Acker pw 
dicts that “This explanation, if hand! 
in the proper manner, will result in a tee 
which very likely will out-perform eith) 
of the two already existing groups.” 
(Please address replies to Dr. Merritt 
Williamson, % RESEARCH & ENGINEERID 
77 South Street, Stamford, Conn. Y« 
name will be withheld on request.) “a 
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. POSITIONS OPEN 
4 AT THE 
; FOLLOWING LOCATIONS 


CINCINNATI, OHIO 
or IDAHO FALLS, IDAHO 


at all levels of experience 


y Structural « Reactor 


Reactor Design * Nuclear 
Nuclear Power Plant 
Electrical « Mechanical 
Electronic » Chemical 


Ceramic 


. Aerodynamics * Physics 


Thermodynamics 
Facilities Planning 
Physical Chemistry 

Metallurgy * Mathematics 


sPIENTISTS 


...the natural place 
for creative men to apply 


their talents today 


AIRCRAFT NUCLEAR PROPULSION DEPARTMENT 


of GENERAL ELECTRIC 


One of the nation’s major research and development programs 
is in progress today at General Electric — the design and 


development of engine applications for nuclear powered flight. 


Significant advances have been made by the group of 
outstanding engineers and scientists at work at GE’s excellent 
facilities in Cincinnati and at Idaho Falls. Success in this 
adventurous undertaking is just around the corner — and you 
can share in it. The scope of the program is broadening, 
making room for a number of high calibre men, both 


with — and without — previous nuclear experience. 


If you have a creative mind — unshackled by conventional 
concepts — yet soundly based in one of the fields listed below — 
you may be just the man to make valuable contributions 

to this history-making program in nuclear propulsion. 

The possibilities for future growth in this field are practically 


unlimited, both in military and commercial aviation. 


Your personal progress will be promoted in every way at GE. 
Through company sponsored courses, contact with 
acknowledged leaders in atomic development, and a 

Full Tuition Refund Plan for graduate study. There’s a 

firm promotion-from-within policy here; frequent evaluations 
of individual contributions. Salaries are as high — or higher 


than —those paid for comparable work anywhere. 


Address reply in confidence stating salary requirements 
to the location you prefer. 


GENERAL @@. ELECTRIC 


Mr. W. J. Kelly Mr. L. A. Munther 


P.O. Box 132 P.O. Box 535 
Cincinnati 15, Ohio Idaho Falls, Idaho 
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The Open Mind 
By J. ROBERT OPPENHEIMER 


by Samuel Hobbs, Associate 


Editor 


Reviewed 


Whenever the birth of the atomic bomb 
is discussed, the names of two men are 
likely to be mentioned: Einstein and Oppen- 
heimer. Like Einstein, J. Robert Oppen- 
heimer is a scholar as well as a scientist; 
he is in addition a controversial genius 
who has been called the “father” of the 
atomic bomb. Perhaps no man now alive 
has a keener insight into the subject of 
nuclear power, both from a political and 
scientific point of view, and within a frame- 
work that knows no national boundaries. 

Oppenheimer has been in hot water on 
at least two occasions. He was publicly ac- 
cused of impeding the development of 
the H-Bomb, on the ground that it was too 
monstrous a weapon to _ contemplate. 
Again, in 1954, in a much-publicized 
proceeding, he was denied security clear- 
ance by the State Department. ° 

What kind of man is the author of The 
Open Mind? Most important, he is a gifted 
philosopher as well as a scientist. Like 
Einstein, he has the ability to speak clear- 
ly, simply and convincingly of his beliefs. 

Oppenheimer is convinced that open- 
mindedness on the part of our government 
and governments everywhere is one of 
the keys to world survival. If this book 
has any theme, it is the value to society 
of the open mind, and the necessity for 
cultivating such open-mindedness. 

Physically, Oppenheimer is an impress- 
ive man. He is tall and spare, Lincoln- 
esque, with crow’s feet at the corners of 
his eyes; one imagines that his is the kind 
of face that is frequently wreathed in 
smiles. 

His greatest renown, of course, lies in 
his reputation as one of the world’s most 
knowledgeable physicists. To this must be 
added the unique administrative skills that 
culminated in the “crash” development of 
the atom bomb. 

Oppenheimer is also a diplomat. In addi- 
tion to his work as director of the Institute 
of Advanced Study at Princeton, N. J. 
(since 1947), he has also served in many 
advisory positions to the ~government. 

This, then, is a brief profile of the man 
who wrote The Open Mind. In it lie the 
clues to they basic meaning of the book for 
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thinking Americans and for the rest of 
the world as well. 

The book concerns two complementary 
subjects: atomic weapons and the relation- 
ship between science and the wider cul- 
ture of our times. It is made up of eight 
lectures given by the author during the 
decade since the end of the war. These 
eight lectures show the scope and depth 
of the man’s thoughts; how some of his 
ideas changed and expanded over the period 
covered; and how, with crowning simplic- 
ity, he reviewed the world’s arts and 
sciences in the concluding lecture, de- 
livered at Columbia University’s Bicen- 
tennial in 1955. 


THE FUTURE OF ATOMIC EXPOLOSIVES 


In discussing the future of atomic ex- 
plosives in 1946, less than a year after the 
doom of Hiroshima and Nagasaki, Oppen- 
heimer said: ‘There is only one future of 
atomic explosives that I can regard with 
any enthusiasm: that they should never 
be used in war.” 

In this chapter the author goes on to 
discuss his hopes for international control 
of atomic energy. (This was 10 years ago; 
the current disarmament and atomic in- 
spection and control talks in London have 
produced nothing much more concrete, with 
the exception of the “open skies” proposal, 
than what Oppenheimer initially proposed.) 

In discussing means for control, Oppen- 
heimer is cognizant of the limitations im- 
posed by the sovereignty of nations; by 
the fallacious thinking that a supra-na- 
tional state would be an immediate answer; 
and, of course, by existing Soviet attitudes. 
International action is necessary, he says; 
“. . . the study—but not the production 
—of atomic weapons, and inspection to 
prevent the illegal mining of uranium, 
both ... seem to be essential functions of 
an international authority.” 

To his proposal of an International 
Atomic Development Authority (an idea 
which President Eisenhower has so suc- 
cessfully elaborated on), Oppenheimer sug- 
gests that in a world of sovereign nations, 
“there are only two ways in which this 
can ever be possible: one is conquest, that 
destroys sovereignty; and the other is 
by the partial renunciation of that sover- 
eignty. What is here proposed is such a 
partial renunciation, sufficient, but not 
more than sufficient, for an Atomic De- 
velopment Authority to come into being, 
to exercise its functions of development, 


exploitation and control, to enable it 
live and grow and to protect the worll 
against the use of atomic weapons an) 
provide it with the benefits of atomi 
energy.” | 


THE RUSSIAN VIEW 
What of the Russian attitude ona 
such a proposal? Said Oppenheimer iy 
1947: “. .. I think no one can take wit} 
any seriousness the hope or expectatio: 
that the Soviet Union will accede... t 
what is now the majority plan... That i 
because the proposed pattern of contre 
stands in a very gross conflict to the pre 
sent patterns of state power in Russia.” 
What Oppenheimer said in 1947 is truy 
today, even though the Geneva “spirit! 
has masked for some people Russia’s um 
changed intentions. For while the Soviet. 
may seem to accede in principle to th 
disarming of men, the cut-back in muni 
tions manufacture, and the radical “ope 
skies” idea, they have not abandoned nl 


fundamental methods of achieving worl 
supremacy. 


THE OPEN MIND 


According to Oppenheimer, “the fel 
of atomic energy is an open-book examina’ 
tion. It is something where you can’t loo) 
up the answers, and where your real asse 
are assets of capability, understanding 
knowledge and competence. 

“We have a natural sympathy for ex 
tending to foreign affairs what we hav 
come to learn so well in our political lift 
at home: that an indispensable, perhap) 
in some ways the indispensable elemen’ 
in giving meaning to the dignity of m 
and in making possible the taking of deci 
sion on the basis of honest conviction, i 
the openness of men’s minds, and the op 
ness of whatever media there are for com) 
munion among men, free of restraint, free 
of repression, and free even of that mo 
pervasive of all restraints, that of i 
and hierarchy.” : 

Oppenheimer goes on to say (in 1953) 
“that we should all know—not precisely 
but quantitatively and, above all, authon 
itatively—where we stand in these mat 
ters; that we should all have a good ides 
of how rapidly the situation has changed 
and of where we may stand... three, four 
or five years ahead.” 

With regard to the need for attainim 
freedom of action (i.e, to be able to a 


heimer says that candor is needed— 


; 


on the part of the officials of the U. 
government to the officials, the repre- 
entatives, the people of their country. 
Ve do not operate well when the important 
acts, the essential conditions, which limit 
nd determine our choice are unknown. 
Ve do not operate well when they are 
nown, in secrecy and in fear, only to a 
sw men.” 

What Oppenheimer is pressing for is 
ot a total slackening of the reins of sec- 
ecy; rather he seems to feel that in 
fting many of the unnecessary embargoes 
n atomic information, all the nations of 
1e world, in knowledgeable concert, will 
*t to abolish the atomic Sword of Damo- 
es and use nuclear power for the peace- 
il] pursuits. 

The remaining four lectures are en- 
tled “Physics in the Contemporary 
Jorld”; “The Encouragement of Science’; 
The Scientist in Society”; and “Prospects 
L the ‘Arts and Sciences”. 


LOOK AT THE ARTS AND SCIENCES 


Space does not permit adequate comment 
n Oppenheimer’s views in these lectures. 
ut the true nature of the man, as scien- 
st and scholar, is revealed in a remark 
lade in the concluding iecture (broadcast 
y CBS in December, 1954): “What does 
ne world of the arts and sciences look 
ke? There are two ways of looking at it: 
Ine is the view of the traveler, going by 
orse or foot, from village to village to 
jwn, staying in each to talk with those 
tho live there, and to gather something 
f the quality of its life. This is the in- 
mate view, partial, somewhat accidental, 
mited by the limited life and strength 
nd curiosity of the traveler, but intimate 
nd human, in a human compass. The 
ther is the vast view, showing the earth 
ith its fields and towns and valleys as 
hey appear to a camera carried in a high- 
ltitude rocket. In one sense this prospect 
ill be more complete; one will see all 
ranches of knowledge, one will see all the 
rts, one will see them as part of the vast- 
ess and complication of the whole of 
n life on earth. But one will miss a 
reat deal; the beauty and warmth of 
man life will largely be gone from that 
epect.” 


This book is the work of a man who has 
lade significant contributions to science, 
) practical philosophy, and to the oft- 
orned beliefs in human decency and fore- 
rance among nations. His is the warm- 
rted, compassionate view; for these 
1 other reasons The Open Mind will ap- 
: to every scientist who seeks to 
erstand himself in relation to the new 
rid he is instrumental in creating. Even 
re pertinently, it fixes, in time and 
the dominant role of the scientist 


and Schuster, New York, N. Y. 146 
8, $2.75. 


Helicopter Navigation 
Requirements 


BY F. D. BARCLAY AND G. S. WILEY 


All-weather operation of many large 
passenger helicopters in the near future 
will require new electronic navigation aids. 
By attempting to forecast requirements for 
design and demand for such aids for the 
years 1958 to ’65, this book provides a 
valuable service to technical management 
in electronic groups. 

In order to make these prophecies, the 
authors, both with Stamford Research In- 
stitute, made an intensive investigation of 
the multi-engine helicopter and its prob- 
able characteristics in the next 10 years. 
They also studied the area where helicopter 
service would be heaviest—Metropolitan 
New York. The results of both these studies 
are presented in separate chapters. 

They conclude that helicopter navigation 
control is likely to be just as complicated 
as that for fixed-wing aircraft and that 
there is only a limited commercial market 
for the devices—about 560. Since the mili- 
tary will require most of the navigation 
aids produced, it would appear that the 
best course is to wait for the military to 
decide on the proper equipment, obtain 
that development contract and then hope to 
sell the commercial market a less expen- 
sive version of the military gear. 

Another obvious deduction is that the 
device will be transistorized. Since the 
Navaid will not be needed in any number 
for five years or more, when the transistor 
will undoubtedly be a more ubiquitous and 
reliable device than at present, why bother 
with any vacuum-tube development? 

The authors provide an extensive bibli- 
ography and a list of the expert persons 
contacted. 


Available to qualified personnel by letter- 
head request to J. H. Overholser, Bendix 
Pacific Div., Bendix Aviation Corp., 11600 
Sherman Way, N. Hollywood, Calif. 

93 pages. 


Reference Joxts 


ASME Handbook: Engineering Tables, Edited 
by Jesse Huckert, McGraw-Hill Book Co., 
West 42nd St., New York, N. Y., 704 pages, 
$12.00. 


In this reference book, engineers and de- 
signers now have many tables of recog- 
nized design standards. Typical of these 
are the table of involute functions—meth- 
ods for finding loads on ball bearings— 
and information on bars and tubes suitable 
for reworking into gears, levers, shafts or 
screws. Arranged in 15 sections, grouping 
together tables which apply to the design 
of specific parts. 


Sources of Information and Unusual Services, 
4th Edition 1956-57, Informational Directory 
Co., 200 W. 57th St., New York, N. Y., $2.00. 


A guide te information, pamphlets and 
services available from organizations and 
agencies in the United States, including 
governmental and non-governmental or- 
ganizations. More than 850 entries, 370 
widely diverse subjects in fields related to 
business, health, science, recreation and 
education. 


The ISCC-NBS Method of Designating Colors 
and a Dictionary of Color Names, NBS Cir- 
cular 553, Superintendent of Documents, U. S. 
Government Printing Office, Washington, D. C., 
$2.00 ($2.50 foreign). 


Four years of research has produced a dic- 
tionary of color names correlating the color 
terms used in different fields and relating 
all possible colors to a common, funda- 
mental system of designation through com- 
binations of 21 generic terms. It lists 7500 
color names and defines them in simple, 
unambiguous terms, arranged to permit 
translation rapidly and accurately from 
one color vocabulary to another. Example: 
griseo-viridis (biology) is equivalent to 
serpentine (fashion), to mint green (mass 
market) and finally to light green (ISCC- 
NBS color designation). 


Tables of Weber Parabolic Cylinder Functions, 
edited by J.C.P. Miller, Dept. of Scientific 
& Industrial Research, Charles House, 5-11 
Regent St., London S.W.1., 140 pages, $11.34 


Many problems in physics, engineering and 
mathematics can be dealt with by using the 
functions originally introduced by Weber 
for the solution of the wave equation in 
two dimensions in parabolic co-ordinates. 
This volume contains new tables of these 
functions based. on Whittaker’s form of 
the differential equation. Two independent 
solutions of the equation with various 
auxiliary functions to about eight signifi- 
cant figures. 


X-Ray Protection, NBS Handbook 60, 41 
pages, $0.20. (Order from Government Print- 
ing Office, Washington, D. C.). 


The increasing use of high-energy X—rays 
in medicine and industry has presented 
problems in all phases of radiation pro- 
tection and shielding. This handbook recom- 
mends general and specific applications of 
standards of safety set forth by the Na- 
tional Committee on Radiation Protection, 
and is intended for the protection of the 
radiation worker and the public. 


Guide to Instrumentation Literature, NBS Cir- 
cular 567, 156 pages, $1.00 (Order from Goy- 
ernment Printing Office, Washington, D. C.). 


This circular was prepared to assist re- 
search investigators, instrument users and 
others interested in utilizing the extensive 
and scattered literature of instrumentation. 
Over 1200 references are listed. 


Research Reports 


Reports in this section may be obtained 
ices, U.S. Dept. of Commerce, Washington, 


Transistors, Cermets 


Three new catalogs of technical reports 
on cermets, transistors and magnetic am- 
plifiers are primarily the results of re- 
search done by the Government or by 
private laboratories with Government 
sponsorship, but also include German tech- 
nical papers captured by the Allies in 
World War II. All applicable research re- 
ports in the OTS collection of documents 
are abstracted in the catalogs. 

CTR-319 Cermets, CTR-310 The Tran- 
sistor, and CTR-244 Magnetic Ampli- 
fiers, $0.10 per copy. 


Nitric Acid Effects 


Corrosion fatigue of various metals used 
in handling fuming nitric acid is the sub- 
ject of this report. Investigations were 
made on RC-70 titanium, titanium alloy 
Ti-150-A, Armco 17-7PH stainless steel and 
2S aluminum in white fuming nitric acid 
(1.5% NO.) and red fuming nitric acid 
(10.5% NO. at room temperature. 
Materials for Handling Fuming Nitric 
Acid and Properties of Fuming Nitric 
Acid with Reference to Its Thermal] Sta- 
bility, PB 111877, 83 pages, $2.25. 


Titanium Welding 


Processes for spot and seam welding of 
titanium and its alloys may be applied to 
production grades of commercially pure 
titanium sheet, the oxygen-nitrogen ti- 
tanium-base alloy Ti-100A and the eight 
percent manganese titanium-base alloy. 
Simple welding equipment of the alternat- 
ing current type is most suitable. Surface 
preparation treatments necessary only on 
heavily oxidized material.. 

Spot and Seam Welding of Titanium and 
Titanium Alloys, PB 111707, 189 pages, 


$4.75. 


Nickel and High Nickel Alloys 


A booklet summarizing important appli- 
cation requirements on adapting eight spe- 
cific commercial high nickel alloys for 
pressure vessels is now available. The 
characteristics of these alloys are covered 
in the sections (1) The analysis and phy- 
sical and mechanical properties of high 
nickel alloys, (2) Method of determining 
ASME Code design stresses, (&) Differ- 
ences between these alloys and steel in 
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directly from the Office of Technical Serv- 
D. C., unless another source is stated. 


fabrication, (4) Cold forming, hot forming 
and thermal treatments, (5) Procedures 
for cleaning, machining, welding and braz- 
ing by a variety of methods, 
characteristics of the age-hardened alloys, 
(7) Inspection procedures. 

Nickel and High Nickel Alloys for Pres- 
sure Vessels, 27 pages, no charge: Ad- 
dress requests to Reader Service Sec- 
tion, The International Nickel Co., Inc. 
67 Wall St., New York 5, N. Y. 


Electron Tubes 


Application information on 26 tube types 
in military equipment is designed to serve 
as a guide for the electronic equipment 
designer. In three parts: Discussion of 
properties common to all electron tubes; 
Effect of these properties in circuit design; 
Summary of application information with 
reference to specific categories of tubes. 
Mechanical, electrical and environmental 
information on specific tube types together 
with application notes and property be- 
havior are also included. 

Techniques for Application of Electron 
Tubes in Military Equipment, PB 
111644R, 295 pages, $5.00. 


Metal Alloys Studies 


Two reports of Air Force research in 
metal alloys. In the first, data on damping, 
elasticity and fatigue of N-155 under ro- 
tating bending stress. Specimens were 
studied at room temperature, 1350° and 
1500°F, and results compared on equal 
stress and equal stress ratio. The notched 
fatigue strength values obtained indicate 
a decreasing fatigue strength reduction 
factor as the temperature is raised. 
Damping, Elasticity and Fatigue Prop- 
erties of Unnotched and Notched N-155 
at Room and Elevated Temperatures, 
PB 111618, 77 pages, $2.00. 


In the second report, a study of fatigue 
characteristics in reversed bending of ar- 
gon gas shielded tungsten-are butt-welded 
joints in 14S-T and 75S-T sheet alloys. 
This welding process does not produce 
joints of satisfactory fatigue strength in 
these alloys. This appears to be a result 
of the alloy properties, not the process. 
Fatigue Properties of Tungsten-Arc 
Butt-Welded Wrought Aluminum Al- 
loys, PB 111616, 27 pages, $0.75. 
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fantalum Capacitors 20 


a three sizes, the tiniest, Size A, .095” by 14”; Size B, 14” 
y 5/16”; and Size C only 14” diameter by 14” long, cover 
range of capacitance from 0.02 to above 30mfd. 

Ihmite Manufacturing Co., 3625 Howard St., Skokie, Ill. 


*recious Metals Parts 21 


lesign and engineering data on precious metal slip rings, 
ommutator segments and brush and brush holder as- 
emblies plus precious metal resistance wire in a newly | 
ublished 60 page booklet. 

"he J. M. Ney Co., Hartford 1, Conn. 


3as Chromatography 22 


nstrument using the principle of elution with either liquid 
lartition or solid absorbents, the ““Kromo-Tog” provides the 
malyst with a complete and accurate breakdown of many 
lifferent gas and liquid mixtures with a clear-cut resolution 
f all components. 

surrell Corp., 2223 Fifth Ave., Pittsburgh 19, Pa. 
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fransistors 23 


n 10 new p-n-p inexpensive types designed for use in either 
ligh fidelity amplifiers or broadcast receivers, include six 
lifferent types for the output stage of an audio amplifier 
nd four types for the driver stage. 

Semiconductor Div., General Electric Co., Syracuse, N. Y. 


Nickel-Zinc Shielding Beads 24 


lave a cutoff frequency just above the broadcast band so 
hat they have application in radio and communication re- 
iver circuits where it is desired to pass signals below 
ome 2Mc and attenuate higher frequencies. 


digh Temperature Alloys 25 


0: aircraft and industrial gas-turbine applications. Type 


irbine blades at temperatures up to 1650°F. Type “901” 
lickel-iron-chromium alloy has been developed for use in 
r peat and industrial gas turbines for those components 


PRODUCT PORTFOLIO 


Components e Chemicals e Literature 
Materials e Equipment @ Instruments 


Reversible Microwave Diodes 26 


available in convenient reversible assemblies. This fea- 
ture eliminates need for stocking both forward and fixed 
reverse polarity diodes. Meet all requirements of MIL-E-1. 
Microwave Associates, Inc., 22 Cummington St., 
Boston, Mass. 


Differential Refractometer 27 


provides a sensitive means for distingiushing between 
chemically similar substances; this recording differential 
refractometer is valuable for qualitative and quantitative 
analysis of materials such as alkaloids, steroids, antibiotics, 
hydro-carbons and rare earths. 

Phoenia Precision Instrument Co., 3803-05 N. 5 St., 
Philadelphia 40, Pa. 


Magnetic-Recording Components 28 


for application in the fields of data acquisition, storage, 
handling, processing, analysis and simulation are available 
in models with from one to 14 tracks. Reproduces scientific 
data in the d-c to 100,000cy frequency range. 
Instrumentation Div., Ampex Corp., 934 Charter St., 
Redwood City, Calif. 


Gamma Ray Sources 29 


of cobalt-60 providing an economical source of high energy 
pure gamma radiation are encapsulated in a 14” diameter 
by 14” long case, sealed against leakage, and individually 
calibrated to within +10% of stated value. Available in 14 
different values from 1 millicurie to 2000 millicuries. 
Nuclear Instrument & Chemical Corp., 229 W. Erie St., 
Chicago 10, Ill. 


Chemistry of Fatty Acids 30 


Covered in a 45-page brochure describing composition, satu- 
rated and unsaturated types, isomerism, general and special 
reactions, and tests. Includes bibliography. 

Armour and Company, 1835 W. 31 St., Chicago 9, IJIl. 


Send new product announcements for inclusion in this section to 
RESEARCH & ENGINEERING, Editorial Offices, 77 South Street, Stam- 
ford, Conn. Accepted as controlled circulation publication at Orange, 
Conn. Copyright, 1956. The Relyea Publishing Corp., 103 Park Ave., 
New York 17, N. Y. Volume 2, No. 6, Section 2, June, 1956. 


Do-It-Yourself Distiller 31 


for fractional distillation. A complete assembly.of unitized, 
interchangeable parts for research distillation; all you need 
is a wrench, a screwdriver, and four hours. 

Fisher Scientific Co., 717 Forbes St., Pittsburgh 19, Pa. 


Diisocynate Polyester Elastomer 


called ‘‘Disogrin” offers unusually high tensile strengt 
extreme abrasion resistance characteristics, long life, — 
well as resistance to high ozone concentrations, to oil ai 
jet fuels, and to radio-activity. Its physical and chemic 
properties appear to surpass those of natural and oth) 
synthetic rubbers. Data on characteristics are available | 
request on company letterhead to 

Greer Hydraulics, Inc., New York International Airpor 
Jamaica 30, N. Y. 


Liquid-Metal Pump 32 


designed to circulate liquid sodium and sodium potassium 
alloy, it can be applied in nuclear power plants, chemical 
process lines, and for other applications requiring high 
temperature heat transfer mediums. Available in capacities 
up to 5000 gpm as high as 1600 degrees F. 

Westinghouse Electric Corp., Box 2099, Pittsburgh 30, Pa. 


Digital Magnetic Tape Handlers 


include tape speeds up to 75” per second with 3millis 
starts and stops. Tape widths of 14, 14, 54, 34, 1 and 1-), 
may be used. Other new features include fast rewind in bo 
forward and reverse directions, requiring 2-14 minutes 

rewind 2400 feet of tape. 

Potter Instrument Co., 115 Cutter Mill Rd., 

Great Neck, N. Y. 


Tape-Wound Bobbin Cores . 3 


known as “Bimags” are intended for use in switching ei 
cuits, shift registers, coincident current matrix system 
pulse transformers and static magnetic memore element 
A ‘wide range of standard 14” and 14” cores are now ava’ 
able in “Moly Permaloy” (thicknesses of 0.00025” ar 
0.0005”) and “Orthonik” (thicknesses of 0.00025” ar 
0.0005”). 

Electronic Instruments Div., Burroughs Corp., 
Philadelphia, Pa. 


Magnetic Shield Kit 4 


contains a special medium-permeability high-saturatic 
steel for a wide variety of uses including (1) Flat shieldir 
sheets capable of being formed into many shapes to shie 
motors, deckplates, turntables, etc. (2) Transformer cé 
shields in various sizes to attenuate hum, prevent couplir 
from solenoid to solenoid and to prevent scope beam disto 
tion from the transformer. 


Hydraulic Actuator 33 


operates in areas of 800°F and has accuracy of positioning 
and minute synchronization to thousandths of an inch be- 
tween two or more units operating as a system. 

National Water Lift Co. Div., Cleveland Pneumatic Tool 
Co., 2220 Palmer Ave., Kalamazoo, Mich. 


Creep Rupture Testing 34 


machine of the lever type in which four specimens can be 
held simultaneously under loads up to 4000 lb. Four speci- 
men electric furnace under automatic temperature control 
will hold specimens at any temperature up to 1800°F. 
Baldwin-Lima-Hamilton Corp., Philadelphia 42, Pa. 


Relay Specification 


article covers in some detail the various factors that should 
be considered in selecting an electrical relay for a given 
application. These factors include circuit characteristics, 
type of switching, actuation power, operating speed, duty 
cycle, life expectancy, environmental conditions, physical 
requirements and cost. Write on company letterhead to 
Public Relations Dept. American Machine & Foundry Co., 
261 Madison Ave., New York 16, N. Y. 


Recording Differential Refractometer 35 Magnetic Shield: Div., Perfection Mica Co., 
for continuous analysis of binary-liquid streams. The full- 20 N. Wacker Drive, Chicago 6, Ill. 
scale span of the instrument is adjustable from 10-' to 4 x $e —— a eee , 


10-* refractive index units. The minimum detectable change 
in refractive index is 1% of full scale at any span. 
Manufacturers Engineert ing & Equipment Corp., 
Hatboro, Pa. 


Flow Alarm 36 


with vibration-proof operation uses two snap-action elect- 
trical contacts, hermetically sealed in a glass tube, which 
are drawn together to set off the alarm by passage of a 
magnetic float extension rod. 

Fisher & Porter Co., 553 Jacksonville Rd., Hatboro, Pa. 


Tray-Type Columns 37 


of glassed steel for use in petrochemical plants offer ad- 
vantages of this corrosion-resistant material in construction 
of trays without dead zones. 

Pfaudler Co., 1011 West Ave., Rochester, N. Y. 


Overlays for Laminates 4 


greatly improves the resistance of low pressure glas 
reinforced laminates to chemicals and abrasion. The ne 
process utilizes a surface veil or overlay of ‘“Dynel” fabr. 
on either or both sides of laminates. 

Carbide and Carbon Chemicals Co. Div., Union Carbide an 
Carbon Corp., 30 East 42nd St., New York, N. Y. 


Miniature Accelerometer «4 


of the variable reluctance type, primarily for flight te: 
application. The dynamic characteristics of the unit allo 
measurement of accelerations from static to vibration fr 
quencies as high as 1000cy for the 300g instrument. Othe 
applications include measurement and control with indica 
ing, recording and control systems. 

North American Instruments, Inc., ee No. Lake At 
Altadena, Calif. 
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Camera Windows 50 


made of fused silica maintain high optical qualities under 
extreme temperatures experienced in wind tunnel opera- 
tions and ultrasonic missile work. Excellent Schlieren opti- 
cal qualities of the windows make them ideal for accurate 
observation of high speed pressure patterns in wind tunnels. 
Corning Glass Works, Corning, N. Y. 


‘aboratory Timer 43 


ully enclosed repeat cycle electronic type providing adjust- 
ble time intervals from 0.1 to 200 seconds is suitable for a 
vide range of industrial and laboratory controls where 
tability and accuracy are desirable. Repeatability of 1% or 
etter is achieved under normal operating conditions. 

rt. C. Wilson & Co., 1915 Eighth Ave., Huntington, West Va. 


Teflon Tubing 44 


nd spaghetti for instrument tubing, electronic applications, 
vire sheathing, food-streams, acids, solvent or other corro- 
ive streams, or fuel return lines. 
parta Mfg. Co., Dover, Ohio 


Storage Tube 51 


named “‘Memotron” can capture and retain visual displays 
of transients without need for photography. Utilizing a 
special storage target just behind the viewing screen, this 
5” tube retains single tracings or successive writings at 
high brightness, until they are intentionally erased. 
Hughes Products, Los Angeles 45, Calif. 


X-Y Plotters 52 


have a heavier 1-piece main casting for added strength and 
accuracy—and a new capillary pen containing an integral 
ink supply that provides easy flow and uniformity of line. 
As the pen clamps on in a few seconds, spare pens may be 
easily interchanged to allow color comparison of two dif- 
ferent runs. 

Librascope, Inc., Glendale, Calif. 


‘lake Trimethylolpropane 45 


3 an important component in making polyurethanes and 
Ikyd resins. In addition, it offers significant potential in 
ynthetic drying oils, plasticizers, surface active agents 
nd polyesters. 

jelanese Corp. of America, 180 Madison Ave., 
Jew York, N. Y. 


vasting Aluminum 


echnical handbook provides a better understanding of the 
lesign and production of aluminum castings. It includes 
lear and concise information to help the designer select 
he casting process and the aluminum alloy best suited to 
neet the requirements of the product. 138 pages. Request 
n company letterhead. 

reynolds Metals Co., 2500 So. Third St., Louisville, Ky. 


Plug-In Preamp 47 


Type 53/54C is a fast-rise dual-trace unit that is inter- 
hangeable among all of this firm’s Type 530 and 540-Series 
scilloscopes. Two identical amplifier channels can be oper- 
ited independently or electronically switched either by the 
scilloscope sweep or at a free-running rate of approxi- 
nately 100kc. 

Tektronix, Inc., P. O. Box 831, Portland 7, Oregon 


Small Hex Locknut 53 


with high strength washer face for minimum wrench 
clearance applications is manufactured of C-1137 steel, 
plain finish. Available in 14-28 thread size. 

Elastic Stop Nut Corp. of America, Union, N. J. 


Refractometer 54 


for continuous monitoring of process plant streams con- 
tinuously measures the difference in refractive index be- 
tween a flowing liquid sample and a reference liquid, thus 
monitoring changes in the sample. 

Barnes Engineering Co., 30 Commerce Rd., Stamford, Conn. 


Teflon-Fiber Bearings 55 


that are self-lubricating have bearing surface combining 
Teflon and cotton fibers laminated with phenolic resin. 
Already offered in automobile suspension joint by American 
Metal Products Co., Detroit. 

E. I. du Pont de Nemours & Co., Inc., Wilmington 98, Del. 


Miniature Oil-Hydraulic Pump 56 


for limited life airborne applications with unusually high 
power-weight ratios. Certain models are capable of develop- 
ing more than 6hp per pound of total weight. Pump life 
and performance is consistent for inlet oil temperature 
conditions up to 200° F. 

Vickers Inc., Box 302, Detroit 32, Mich. 


Lithium Dispersions 57 


can be used as catalysts in the production of the new 
“natural” rubber. Instruction sheets describe the methods 
for preparation of these lithium metal dispersions in such 
mediums as mineral oil, petrolatum and wax. Particle sizes 
in the range of 5 to 20 microns are possible. 

Lithium Corp. of America, Inc., Minneapolis, Minn. 


Citric Acid Derivative 
iseful in the plastics industry as a cross-linking agent for 
jolyester resins. A highly unsaturated, reactive monomer 
which may be polymerized to hard, brittle thermoset poly- 
ners, triallyl citrate is immiscible with water and miscible 
with acetone, benzene, chloroform, dioxane, ethanol and 
tlacial acetic acid. Four-ounce sample of triallyl citrate and 
lata sheet are available by letterhead request from 

Shas. Pfizer & Co., Inc., Chemical Sales Div., 630 Flushing 
Ave., Brooklyn 6, N. Y. 


silicon Power Diodes 49 
are rated for 300ma d-c rectified output current when 
nounted by leads in free air at ambient temperatures up to 
00°C. When mounted on cooling fins, the diodes can be 
rated for 1.25amp rectified output current at a case tem- 
erature up to 150°C. The peak inverse voltage ratings 
ange from 50v to 600v. 

nternational Rectifier Corp., Product Information Dept., 
1 “ea Calif. 
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last month’s advertising in 


Here’s a brief review of 
RESEARCH & ENGINEERING as a service to readers. 
Micro Technoscope 100 


a stereoscopic binocular microscope for laboratory inspec- 
tions and examinations. Rapid change to 6.3x, 10x, 16x, 
25x, and 40x magnifications. 

Carl Zeiss, Inc., 485 Fifth Ave., New York, N. Y. 


Remote Control 101 


provides friction-free movement of stainless steel blade in 
flexible tubing for heavy loads by means of ball bearing 
construction. 

Controlex Corp. of America, Bldg., 4, Westchester County 
Airport, White Plains, N. Y. 


High-Speed Photography 102 


125 to 16,000 pictures per second, 100 to 500 ft. capacity. 
Also complete high-speed photography lab. Camera and 
lab described in free bulletin. 


Wollensak Optical Co., 854 Hudson Ave., Rochester, N. Y. 


Plant Size Reactors 103 


have given high performance in many atomic energy proj- 
ects. Available in standard or specially-designed reactors. 
Autoclave Engineers, 2930 W. 22 St., Erie, Pa. 


Nitroparaffins 104 


and their derivatives are available in increasing quantities 
for solvents, prime ingredients, raw materials, sensitizers, 
emulsifiers, analytical reagents, reducing agents. 
Commercial Solvents Corp., 260 Madison Ave., 

New York, N. Y. 


Permanent Magnets 105 


have undergone 13 tests including Spectograph tests, chemi- 
cal analyses, Zyglo tests, and are available in wide variety 
of sizes, grades, and magnet materials. 

The Indiana Steel Products Co., Valparaiso, Ind. 
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Applications for Lithium 106 
in organic chemistry, metallurgy, inorganic chemistry, and 
heat transfer described in bulletin. Experimental quantities 
of Lithium compounds available on request. t 
Lithium Corp. of America, Inc., 2697 Rand Tower, 
Minneapolis 2, Minn. 


Electron Microscope 


for fundamental research on crystalline structures, diverse 
solids, metallurgical and geological specimens. 
Radio Corp. of America, Dept. E-281, Camden, N. J. | 


Use for Cerium Oxide 


as polishing agent for all types of mirrors and precision 
optical lenses, and for coloring and decolorizing glass 
described in free bulletin. 

Lindsay Chemical Co., 274 Ann St., West Chicago, Ill. 


Abrasive Method 


gas-propelled, produces no heat, shock or vibration. For 
cutting, grooving, trimming in both lab and pilot plant. 
S. S. White Industrial Div., Dept. 11, 10 E. 40 St., N. Y. C. 


Special Diecasting 


of small parts is described in bulletins on diecasting, 
plastic molding, industrial fasteners, gear and pinions, 
standard parts. 

Gries Reproducer Corp., 134 Beechwood Avé., 

New Rochelle, N..Y. 


Electronic Components 


including tuning circuits are the specialty of this firm’s: 
research engineering staff for electronics. 
Standard Coil Products Co., Inc., Melrose Park, Il. 


Gas Chromatography 


aids in three types of ““Woelm” alumina—basic, neutral and 
acid for analysing natural or synthetic compounds. 
Standard Scientific Supply Corp., 34 W. 4 St., N.Y.C. 


Consulting Service 


in research and technology described in booklet Problem 
Solving—The Businessman’s Guide to Seeing Alternatives. 
Arthur D. Little, Inc., 30 Memorial Dr., Cambridge, Mass. 
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ANNOUNCING A NEW 
RESEARCH TOOL 


FROM LITHIUM Lom CORPORATION... 


——~ 
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LITHIUM DISPERSIONS 


Our successful development of dispersions of Lithium Metal offers industry 
still another research technique once considered impractical. Readily prepared, 
lithium dispersions prove more stable to air and moisture than the metal itself 
due to the coating of the dispersing medium. 

In case you have a problem requiring the use of highly reactive Lithium 
Metal, Lithium Corporation’s PR&D department is making available product 
data sheets describing the methods for laboratory preparation of these lithium 
metal dispersions in such dispersing mediums as mineral oil, petrolatum and 
wax. A request attached to your letterhead will bring you information on this 
new tool in lithium research. 


LITHIUM CORPORATION 


EN OF AMERICA, INC. 


2697 RAND TOWER 
MINNEAPOLIS 2, MINNESOTA 
MINES: Keystone, Custer, Hill City, South Dakota « Bessemer City, North Carolina » Cat Lake, Manitoba * Amos Area, Quebec * BRANCH SALES OFFICES: New York 
Pittsburgh ¢ Chicago * CHEMICAL PLANTS: St. Louis Park, Minnesota « Bessemer City, North Carolina * RESEARCH LABORATORY: St. Louis Park, Minnesota 
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SCIENTISTS IN MANY FIELDS, THE WORLD OVER, DEPEND ON 
RADIOACTIVITY MEASURING INSTRUMENTS BY NUCLEAR-CHICAGO 
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Uranium Ore Assay—Ontario, Canada. Medical Diagnosis—Detroit, Michigan. 

Uranium ore producers use Nuclear-Chicago scaling Nuclear-Chicago Isotope Scanner makes it possible 
units in assaying various ore samples to determine for physicians to have “picture” of radioisotope dis- 
uranium content. tribution in organs of patient. 


Petroleum Research—Pasadena, California. Industrial Research—New York, N. Y. 

Petroleum geologists determine radioactivity of oil Laboratory uses radioactive “dirt” and Nuclear- 
well cuttings—use resultant “profile” to expand and Chicago instruments to test washing machines, improve 
develop oil fields. soil-removal techniques. 
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Metabolic Research—Coconut Island, Hawaii. 
Marine biologists use Nuclear-Chicago instruments for 
metabolic research, monitoring fish forced-fed radio- 
active strontium. 


Diagnosis of Thyroid Function—La Crosse, Wis. 
Nuclear-Chicago ‘'Mediac” determines uptake of 
radioiodine by thyroid gland, helps physicians diag- 
nose thyroid dysfunction. 


Biological Chemistry—College Station, Texas. Uranium Exploration— Wallace, Idaho. 

Pea plants grown on a liquid radiosulfur diet and Uranium prospectors use an ultra-sensitive Nuclear- 
Nuclear-Chicago instruments help biochemists deter- Chicago airborne scintillation system to survey vast 
mine how plants produce amino acids. areas quickly. 
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Here is evidence of the wide usefulness of Nuclear- 
Chicago instruments in the fields of medical, biochemical, 
industrial, and physical research. Wherever the need for 
radiation equipment exists you can depend on the long 
experience and technical skills of Nuclear-Chicago to pro- 
vide the finest nuclear instruments and accessories avail- 
able today. We will be glad to recommend the particular 
equipment best suited to your needs. 
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Gamma-ray Spectrometry—Chicago, Illinois. 
Radiation physicists study the energy spectrum of 
gamma emitting radioactive isotopes with Nuclear- 
Chicago spectrometer system. 


nuclear - chicago 


Nuclear Instrument and Chemical Corporation 
243 West Erie St., Chicago 10, Illinois 


a 


